NASA/CP-1999-209691  /VOL2 


1997  NASA  High-Speed  Research  Program 
Aerodynamic  Performance  Workshop 

Volume  II — High  Lift 

Edited  by 
Daniel  G.  Baize 

Langley  Research  Center,  Hampton,  Virginia 


December  1999 


The  NASA  STI  Program  Office  ...  in  Profile 


Since  its  founding,  NASA  has  been  dedicated 
to  the  advancement  of  aeronautics  and  space 
science.  The  NASA  Scientific  and  Technical 
Information  (STT)  Program  Office  plays  a key 
part  in  helping  NASA  maintain  this 
important  role. 

The  NASA  STT  Program  Office  is  operated  by 
Langley  Research  Center,  the  lead  center  for 
NASA's  scientific  and  technical  information. 
The  NASA  STT  Program  Office  provides 
access  to  the  NASA  STT  Database,  the 
largest  collection  of  aeronautical  and  space 
science  STT  in  the  world.  The  Program  Office 
is  also  NASA's  institutional  mechanism  for 
disseminating  the  results  of  its  research  and 
development  activities.  These  results  are 
published  by  NASA  in  the  NASA  STT  Report 
Series,  which  includes  the  following  report 
types: 

• TECHNICAL  PUBLICATION.  Reports  of 
completed  research  or  a major  significant 
phase  of  research  that  present  the  results 
of  NASA  programs  and  include  extensive 
data  or  theoretical  analysis.  Includes 
compilations  of  significant  scientific  and 
technical  data  and  information  deemed 

to  be  of  continuing  reference  value.  NASA 
counterpart  of  peer-reviewed  formal 
professional  papers,  but  having  less 
stringent  limitations  on  manuscript 
length  and  extent  of  graphic 
presentations. 

• TECHNICAL  MEMORANDUM. 

Scientific  and  technical  findings  that  are 
preliminary  or  of  specialized  interest, 
e.g.,  quick  release  reports,  working 
papers,  and  bibliographies  that  contain 
minimal  annotation.  Does  not  contain 
extensive  analysis. 

• CONTRACTOR  REPORT.  Scientific  and 
technical  findings  by  NASA-sponsored 
contractors  and  grantees. 


• CONFERENCE  PUBLICATION. 

Collected  papers  from  scientific  and 
technical  conferences,  symposia, 
seminars,  or  other  meetings  sponsored  or 
co-sponsored  by  NASA. 

• SPECIAL  PUBLICATION.  Scientific, 
technical,  or  historical  information  from 
NASA  programs,  projects,  and  missions, 
often  concerned  with  subjects  having 
substantial  public  interest. 

• TECHNICAL  TRANSLATION.  English- 
language  translations  of  foreign  scientific 
and  technical  material  pertinent  to 
NASA's  mission. 

Specialized  services  that  complement  the 
STI  Program  Office's  diverse  offerings  include 
creating  custom  thesauri,  building  customized 
databases,  organizing  and  publishing 
research  results  . . . even  providing  videos. 

For  more  information  about  the  NASA  STI 
Program  Office,  see  the  following: 

• Access  the  NASA  STI  Program  Home 
Page  at  http:Nzviviu.sti.nasa.gov 

• Email  your  question  via  the  Internet  to 
help@sti.nasa.gov 

• Fax  your  question  to  the  NASA  STT 
Help  Desk  at  (301)  621-0134 

• Telephone  the  NASA  STI  Help  Desk  at 
(301)  621-0390 

• Write  to: 

NASA  STI  Help  Desk 

NASA  Center  for  AeroSpace  Information 

7121  Standard  Drive 

Hanover,  MD  21076-1320 


NASA/CP-1999-209691  /VOL2 


1997  NASA  High-Speed  Research  Program 
Aerodynamic  Performance  Workshop 

Volume  II — High  Lift 

Edited  by 
Daniel  G . Baize 

Langley  Research  Center ; Hampton , Virginia 


Proceedings  of  a workshop  held  at 
Langley  Research  Center, 
Hampton,  Virginia 
February  25-28, 1997 


National  Aeronautics  and 
Space  Administration 

Langley  Research  Center 
Hampton,  Virginia  23681-2199 


December  1999 


Available  from: 


NASA  Center  for  AeroSpace  Information  (CASI) 
7121  Standard  Drive 
Hanover,  MD  21076-1320 
(301)  621-0390 


National  Technical  Information  Service  (NTIS) 
5285  Port  Royal  RoacT 
Springfield,  VA  22161-2171 
(703)  605-6000 


PREFACE 


The  High-Speed  Research  Program  and  NASA  Langley  Research  Center  sponsored  the  NASA 
High-Speed  Research  Program  Aerodynamic  Performance  Workshop  on  February  25-28, 
1997.  The  workshop  was  designed  to  bring  together  NASA  and  industry  High-Speed  Civil 
Transport  (HSCT)  Aerodynamic  Performance  technology  development  participants  in  areas  of: 
Configuration  Aerodynamics  (transonic  and  supersonic  cruise  drag  prediction  and  minimiza- 
tion), High-Lift,  Flight  Controls,  Supersonic  Laminar  Flow  Control,  and  Sonic  Boom  Predic- 
tion. The  workshop  objectives  were  to:  (1)  report  the  progress  and  status  of  HSCT  aerodynamic 
performance  technology  development;  (2)  disseminate  this  technology  within  the  appropriate 
technical  communities;  and  (3)  promote  synergy  among  the  scientist  and  engineers  working 
HSCT  aerodynamics.  In  particular,  single-  and  multi-point  optimized  HSCT  configurations  and 
HSCT  high-lift  system  performance  predictions  were  presented  along  with  executive  summa- 
rizes for  all  the  Aerodynamic  Performance  technology  areas. 

The  workshop  was  organized  in  three  sessions  as  follows: 

Session  I Plenary  Session 

Session  II  Independent  Session 

Session  IE  Executive  Summaries 

The  proceedings  are  published  in  two  volumes: 

Volume  I,  Parts  1 and  2 Configuration  Aerodynamics 

Volume  II  High  Lift 

Conference  Chairmen:  Daniel  G.  Baize  and  Robert  L.  Calloway 

NASA  Langley  Research  Center 
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4.3.2  HSR  High  Lift  Program  and 
PCD2  Update 

High  Lift  ITD  Team 

Guy  T.  Kemmerly,  Langley  Roger  Clark,  McDonnell  Douglas 

Peter  Coen,  Langley  Dave  Hahne,  Langley 

Paul  Meredith,  Boeing  Brian  Smith,  Ames 

February  25, 1 997 
Aero  Performance  Workshop 

4.3.2  High  Lift  Technology 

As  a representative  of  the  High  Lift  Integrated  Technology  Development  team  I am  here  to  ‘kick- 
off” the  high  lift  independent  sessions  with  an  overview  - where  we  have  been,  where  we  are,  and 
where  we  are  headed. 

I’ll  also  describe  some  of  the  interfaces  we  have  so  everyone  can  see  how  we  connect  with  the 
rest  of  the  program. 
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High  Lift  Mission 


4.3.2 

The  mission  of  High-Lift  Technology  is  to  develop 
technology  allowing  the  design  of  practical  high  lift 
concepts  for  the  High-Speed  Civil  Transport  (HSCT)  in 
order  to: 

• operate  safely  and  efficiently 

• reduce  terminal  control  area  and  community  noise. 

In  fulfilling  this  mission,  close  and  continuous 
coordination  will  be  maintained  with  other  High-Speed 
Research  (HSR)  technology  elements  in  order  to  support 
optimization  of  the  overall  airplane  (rather  than  just  the 
high  lift  system). 


4.3.2  High  Lift  Technology 


This  is  the  mission  of  the  high  lift  team. 


We  will  develop  technologies  for  safe  and  quiet  low-speed  operations  of  a High  Speed  Civil 
Transport.  That  includes  both  high  lift  and  stability-and-control  technologies. 


And,  we  will  do  so  as  an  integrated  part  of  the  larger  program. 


The  work  is  broken  into  four  overlapping  subelements. 
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Technology  Concept  Assessment 


4.3.2. 1 

Develop  an  efficient  high-lift  system  for  the  Technology 
Concept  airplane  (TCA)  and  provide  an  assessment  of  the  low 
speed  aerodynamic  performance  and  stability  and  control 
characteristics. 


- TCA 

• 5%  model  for  14  X 22  and  12-Ft 

• AER02S 

• CFL3D  and  TetrUSS 

- Modified  Ref  H 

• 2.2%  model  for  NTF 

• CFL3D  modeling 

4.3.2  High  Lift  Technology 


First  subelement:  TCA  Assessment  for  both  high  lift  and  S&C 

As  with  the  Ref  H,  low  Re  parametric  studies  will  be  conducted  in  the  14  X 22.  Linear  codes 
have  been  used  to  predict  optimum  flap  settings  and  both  structured  and  unstructured  viscous 
codes  have  modeled  the  configuration  in  an  attempt  to  define  the  limitations  of  those  codes  on 
this  type  of  configuration.  Status  reports  will  be  presented  on  the  CFD  efforts  which,  of  course, 
have  the  ultimate  goal  of  reducing  risk  and  the  design  cycle  time  for  high  performance  aircraft. 

In  the  14  X 22,  the  low  speed  model  will  also  be  used  to  define  powered  ground  effects  on  the  aft 
body  this  summer. 

Early  in  FY’98,  that  model  will  be  tested  in  the  12-Ft  Pressure  Tunnel  over  a moderate  Re  range. 
That  will  be  an  unpowered  test. 

High  Re  estimates  will  be  made  from  Re  trends  seen  on  the  Ref  H adjusted  for  planform  and 
leading  edge  radius  effects  as  measured  in  our  most  recent  test  in  the  NTF.  Because  of 
constraints  created  by  a long,  scheduled  facility  shut-down,  the  NTF  testing  was  conducted  on  a 
heavily  modified  Ref  H model.  Viscous  codes  are  being  validated  using  that  data  and  will 
hopefully  give  us  an  understanding  of  the  Re  effects  and  help  “push”  the  data  out  to  higher  Re. 

I encourage  you  to  attend  the  presentations  on  the  results  of  that  test. 
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High  Lift  System  Concept  Design 


4.3.2.2 

Design  and  evaluate  refinements  to  the  TCA  high-lift 
system  in  order  to  identify  and  develop  potential 
improvements  required  to  meet  performance  targets 
established  for  the  HSR  Phase  II  High-Lift  Technology 
program. 


- Arrow  Wing 

• 4%  model  in  12-Ft 
-Ref  H 

• 6%  model  in  14  X 22 

- Modified  Ref  H 

• 2.2%  model  in  NTF 

- Non-Linear  CFD 

4.3.2  High  Lift  Technology 

Work  is  continuing  in  the  more  general  category  of  high  lift  system  development.  This  work  will 
be  used  to  refine  the  TCA  high  lift  system  at  the  end  of  this  FY. 


Again,  the  experimental  work  is  being  conducted  in  the  same  three  facilities  and  is  being 
accompanied  at  all  levels  of  complexity  computationally. 
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Propulsion/Airframe  Integration 


4.3.2.3 

Evaluate  the  installation  effects  of  the  propulsion  system  on 
the  low  speed  aerodynamic  performance  and  stability  and 
control  characteristics  both  in  and  out  of  the  influence  of  the 
ground. 


- Isolated  Nozzle 

-HEAT1A 

-TCA2 


4.3.2  High  Lift  Technology 


A great  deal  of  work  has  been  conducted  in  the  ARC  40X80  to  define  the  powered  effects  and  the 
nacelle  installation  effects  on  this  type  of  vehicle.  The  test  referred  to  as  HEAT  1 (High-Lift/ 
Engine  and  Aeroacoustic  Test  1)  studied,  among  other  things,  the  effects  of  a powered  inboard 
nacelle  on  the  configuration.  A semispan  model  was  used  so  ground-effect  and  sideslip  testing 
were  impractical  or  impossible. 


A follow-on  test  will  look  at  the  effect  of  a powered  outboard  nacelle  and  both  nacelles  powered 
on  the  same  semi-span  model.  A wind-on,  isolated  nozzle  calibration  will  be  performed  first 
leading  to  that  test  which  is  refereed  to  as  the  HEAT  1 A test.  It  will  look  at  the  effect  of: 

- the  high  lift  leading  edge  flap  configuration  on  the  inlet  flowfield 

- the  nacelle  installation  on  the  high  lift  system 

- high  lift  wing  on  the  performance  of  the  nozzle. 


Also,  as  stated  earlier,  the  5%  TCA  model  will  be  used  to  define  some  of  the  powered  ground 
effects  on  TCA. 
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Tools  and  Methods  Development 


4.3.2.4 

Develop  the  tools  and  methods  required  for: 

- accurate  assessment  full  scale  aerodynamic  performance 
of  HSCT  configurations 

- aerodynamic  design  of  the  HSCT  high  lift  systems. 


- CFD  Development  and  Validation 

• AER02S,  A502,  DACVINE, ... 

• CFL3D  and  TetrUSS 

- Support  System  Interference 

- Re  Scaling  and  Transition  Detection 

- Ground  Effect  Modeling 

- “Real  Airplane”  Effects 

- Ice  Accretion 

4.3.2  High  Lift  Technology 

This  subelement  contains  a number  of  different  activities  all  aimed  at  successfully  making  the  jump  from 
model  to  full  scale. 

It  is  true  that  CFD  is  being  used  in  our  test  planning,  but  our  test  results  are  also  being  used  to  build 
confidence  in  our  CFD  tools.  Linear  codes  are  still  being  widely  used  and  CFL3D  is  still  the  most 
commonly  used  viscous  code  by  those  working  in  this  area,  but  several  exciting  new  CFD  packages  are 
now  being  evaluated  which  could  dramatically  reduce  the  time  required  to  get  a viscous  solution.  We  are 
involved  in  some  technique  development  work  and  in  validation  efforts  on  an  unstructured  NS  package 
and  in  some  rapid  structured  grid  development  efforts. 

There  are  experimental  and  computational  efforts  ongoing  to  remove  the  support  system  interference 
effects  from  the  wind  tunnel  data  sets. 

Much  of  our  Re  scaling  and  boundary-layer-transition  detection  work  is  for  this  subelement,  as  well. 

Another  modeling  issue  being  addressed  involves  the  prediction  of  the  ground  effects  that  the  vehicle  will 
encounter.  To  date,  the  ground  effects  have  been  predicted  based  on  testing  that  didn’t  model  the  sink  rate 
that  the  aircraft  will  actually  have  on  approach.  Some  work  is  being  done  in  this  element,  both 
computationally  and  experimentally,  to  see  if  we  think  that  modeling  is  giving  us  good  predictions. 

Also,  a “piggy-back”  activity  is  being  considered  for  the  HEAT  1 A test  which  would  look  at  the  effect  on 
high  lift  system  performance  of  the  messy  aspects  of  real  airplanes.  These  are  the  things  that  we 
experimentalists  work  hard  to  eliminate  from  our  models  like  that  gaps  between  leading  edge  flap 
segments  and  less-than-smooth  hingelines. 

Finally,  we  are  using  the  LeRC  Icing  Research  Tunnel  to  grow  some  representative  ice  shapes  for  testing. 
Now  lets  look  at  the  planned  flow  of  the  work  in  each  of  these  subelements. 
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Shaded  Items  are  completed.  . _ _ . ..  ...... 

* Interfaces  with  other  program  elements  described  In  sections  3.14-15. 


4.3.2  High  Lift  Technology 


This  is  a sketch  of  the  flow  of  the  work  and  of  the  interfaces  with  the  outside  world.  The  shaded  activities  are  done. 

In  the  TCA  assessment  you  see  that,  based  on  TCA  definition  from  Technology  Integration  and  based  on  what  we 
learned  from  Ref  H,  we  have  designed  a TCA  high  lift  system.  We  also  have  a set  of  S&C  requirements  for  the 
vehicle  which  we  will  use  to  evaluate  the  performance  measurements  we  will  get  from  our  testing.  Our  test  results  will 
be  given  to  the  Right  Controls  element  for  simulator  development.  After  a few  tests  of  the  TCA,  a preliminary 
assessment  will  be  done  and  forwarded  to  TI.  Following  some  refinements  and  another  year  of  testing,  a final 
assessment  will  be  done  and  again,  the  results  will  go  to  TI. 

Interface  HL02FC  was  the  hand-off  of  ground  effects  data  on  the  Ref  H in  high  lift  configuration  to  Right  Controls. 
The  plan  is  to  take  what  we  have  learned  from  the  recent  NTF  test  and  the  Arrow  Wing  test  currently  in  the  12-Ft  and 
develop  a refined  high  lift  system  for  the  TCA.  That  will  be  evaluated  on  the  TCA  models  and  the  results  Will  impact 
the  high  lift  system  for  the  Technology  Configuration. 

As  I said  earlier,  HEAT  1 is  complete.  That  was  a test  with  data  for  acoustics  and  propulsion  as  well  as  high  lift.  They 
made  suggestions  for  the  follow-on  test,  HEAT  1A,  and  the  test  has  been  defined.  Following  the  test,  the  aerodynamic 
data  will  be  studied  and  then  combined  with  other  HL/PAI  data  and  CFD  results  to  develop  a generalized  HL/PAI 
assessment  of  this  type  of  aircraft. 

As  you  saw  on  my  last  slide,  this  subelement  contains  a number  of  different  activities.  Following  the  first  test  of  the 
TCA  in  14  X 22,  existing  unstructured  NS  solutions  will  be  compared  to  the  data  and  that  new  code  will  be  assessed. 

A number  of  wind  tunnel  testing  methods  are  also  being  developed.  These  include  removing  support  system  and  wall 
interference  effects,  detecting  boundary  layer  transition  at  all  Re,  and  measuring  ground  effects  accurately.  Data  from 
the  TU-144  flight  test  will  help  in  the  ground  effects  assessment.  These  will  all  roll  up  into  a methodology  for 
predicting  full  scale  performance  from  sub-scale  testing. 


That’s  the  work;  here’s  how  it  lays  out  in  time. 
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Level  III  & IV  Milestones 


4.3  AERODYNAMIC  PERFORMANCE 
4.3.2  High-Lift  Technology 


TV 


1996 


TASKS 


I Program  Milestones 


Technology 
> Concept 


High  - UfTconcept  | 
Selection 
4 


1997 


1998 


1999 


Technology 

Configuration 


1 


Levei  II  Milestones 


High-Lift  Wind  A 
Tunnel  Evaluation 


HEAT  1A 
Defined 


Level  III  Milestones 


High-Lift  System 
Update 


Tools  and 
Methods  Assess. 


Tech.  Concpt  HL 
Geom.  Defined 


Tech.  Concpt 
Final  Assess. 


Tech,  Concpt 
Prelim.  Assess. 


HL/PAI  Aerodynamic 
Assess. 


4.3.2.1  Technology 

Concept 

Assessment 


Toch.  Concpt  HL 
Geom.  Defined 


4.3. 2.2  High-Lift 
System  Concept 
Design 


Def.  SAC  Aero. 
Requirements 


Tech.  Concpt 
Prelim.  Assess. 


Tech.  Concpt 
Final  Assess. 


Assess.  FBgh-Uft 
System  Refinements 


14.3.2.3 

Propu  I s lon/Alrf  ra  me 
Integration 


_CT" 


High-Lift  System 
Update 


HEAT  1 Aeroscoustic 
Assess 


Large-Scale  Feasibility 
Study  Decision 


14.3.2.4  High-Llft 
[Tools  and  Methods 
Development 


Large-Scale  Test 
Reg.  Defined 


35 


HEAT  1 A 
Aerodynamic  Assess. 


Support/WaU 

Interference 


Ground  Effects 
Methodology  Assess. 


4.3.2.99  Task 
Coordination  and 
Planning 


FuH-Scaio  Prediction 
Methodology 


BL  Trans.  ' Viscous  USG  tech. 

_ Technique  Recom. Concpt  Assess 

_J J J L_ 


Shaded  items  are  completed 


Added  2/97 


4.3.2  High  Lift  Technology 


These  are  the  milestones  as  they  were  defined  at  the  start  of  PCD  2.  Slips  are  indicated. 


The  definition  of  S&C  requirements  for  TCA  arrived  later  than  planned,  but  still  early  enough  to 
be  used  during  the  wind  tunnel  tests  of  the  configuration. 


Because  the  Arrow  Wing  entry  in  the  ARC  12-Ft  was  delayed,  refinements  to  the  TCA  high  lift 
system  will  be  defined  a couple  of  months  later  than  predicted,  but  this  won’t  affect  any 
downstream  milestones. 


Odd-looking  data  from  our  last  test  in  the  14  X 22  has  delayed  our  definition  support-system 
interference  effects  in  the  data  acquired  in  that  facility,  however  it  does  appears  that  the  CFD 
estimates  are  accurate. 


And,  the  dynamic  ground  effects  test  in  the  14  X 22  was  pushed  back  to  the  end  of  this  FY  and  we 
have  added  the  evaluation  of  a time-marching  Euler  code  to  that  milestone  so  we  slid  it  into  1998. 
Again,  the  change  has  little  impact  on  the  larger  program. 
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You  can  look  at  the  other  dates  on  your  own. 


1996  Major  Technical  Accomplishments 


♦ All  milestones,  deliverables,  and  interfaces  completed  on 
schedule  and  within  cost. 

♦ Demonstrated  viability  of  temperature  sensitive  paint  technique 
for  boundary  layer  state  measurements  at  high  Reynolds 
number  conditions. 

♦ Demonstrated  2%  increase  in  suction  parameter  (15  counts 
drag  reduction)  on  6%  Ref.  H due  to  sealed  slat  concept  on 
outboard  leading  edge. 

♦ All  wind  tunnel  test  activities  on  schedule. 

♦ Development  of  viscous  unstructured  grid  capability  progressing 
slowly,  but  initial  results  show  promise. 

♦ Supported  initial  assessment  of  “Earned  Value”  procedure  within 
HSR. 


4.3.2  High  Lift  Technology 


Here  are  some  of  our  accomplishments  from  last  year.  This  slide  was  prepared  for  an  end-of-the- 
year  report  to  Wally  Sawyer. 


We  are  on  schedule  and  resources  were  fine  last  year. 


Check  out  the  TSP  talk  and  see  the  results  of  the  transition  detection  tests  at  cryogenic 
temperatures.  It  is  very  promising. 

A new  outboard  l.e.  slat  has  nudged  us  a little  higher  in  our  principal  metric,  suction  parameter. 


Our  program’s  high  priority  within  NASA  has  allowed  the  tests  to  be  scheduled  such  that  we  get 
what  we  need  when  we  need  it. 


Exciting  progress  has  also  been  made  in  the  area  of  unstructured  NS  codes.  Catch  that  talk,  too. 


And  finally,  we  supported  the  tracking  of  a new  metric  for  management  called  “Earned  Value.” 
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Technology  Performance  Metrics 
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Notes:  Projection  changed  to  account  for  thrust  vector  effects 
{a  bookkeeping  change,  not  technology  change) 

Top  of  bar  assumes  14x22  upfiow  of  0.0° 

Bottom  of  bar  assumes  1 4x22  upfiow  of  0.20° 


Changes  to  Ref,  H; 

1*  Thrust  vector  effect 
2*  improved  LE  flap 
trim  at  mid  c.g. 
14x22  database 


Status: 


2001  Projection  {S  = 0.94) 


♦ ♦ 


HL  Wind  Tunnel  HI  System 
Evaluation  Evaluation 


♦ 


HL  PAI 
Assessment 


Best 
' S=0.9€ 


TCA  Preliminary 
Select  HL  Assessment 
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Milestones: 


Eva!.  HL 
Concepts 


Ref.  H 


.^.Technology  Concept 


Technology  Configuration 
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93 
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+ 
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Fiscal  Year 
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+ 


+ 


00  ■ 01  ' 02  1 

4.3.2  High  Lift  Technology 


As  I said  earlier.  Suction  Parameter  is  our  principal  metric.  Here’s  how  we’re  doing. 


Our  goal  is  94%  and  we  were  getting  there  with  the  Ref  H.  The  length  of  the  bar  indicates  the 
difference  0.2  degrees  of  flow  angularity  could  mean  to  the  conclusions  drawn  from  he  wind 
tunnel  data. 


Changing  to  the  TCA  we  moved  back  some,  but  should  be  able  to  get  back  to  94%. 


Technology  Performance  Metrics  (cont) 


U D <8  cutback  (CL  = 0.50  on  gross  wing  area, 
2001  Projected  Suction  Parameter  = 0.94) 

A A A A 


♦ I 


♦ 4 


Milestones:  Eval.  HL  Select  HL  TCA  Prelim.  HL  Wind  Tunnel  HI  System 

Concepts  Concept  Assessment  Evaluation  Evaluation 


Ref.  H 2001  Projection  (LTD  = 10.55) 


Status:  9.. 


1 Thrust  vector  effect 
2*  improved  LE  flap 
trim  at  mid  c.g. 
14x22  database 


Projection  changed  to  account  for  thrust  vector  effects 
’ (a  bookkeeping  change,  not  technology  change) 

’ Top  of  bar  assumes  14x22  upflow  of  0.0° 

. Bottom  of  bar  assumes  1 4x22  upflow  of  0.20° 


HL  PAI 
Assessment 


TCA  2001  Projection  (UD  = 9.80) 


Best  TCA: 
' UT>=10.1 


JWorst  TCA: 
L/D=8.6 


►Technology  Concept 


Technology  Configuration 


Fiscal  Year 


4.3.2  High  Lift  Technology 


This  is  a similar  slide  for  L/D. 

As  you  can  see,  L/D  is  sensitive  to  the  change  in  planform  that  happened  between  Ref  H and 
TCA.  As  a result,  the  final  projection  is  lower.  That’s  the  result  of  the  lower  aspect  ratio. 
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Issues,  etc. 


♦ Large  uncertainty  with  schedule  and  availability  of 
NASA  wind  tunnels. 

♦ 14-  X 22-FST  upwash  data  uncertain. 


4.3.2  High  Lift  Technology 

There  are  some  issues  that  could  cause  problems  in  the  future  if  we  don’t  address  them. 

The  uncertain  availability  of  the  ARC  tunnels  and  the  backlog  of  tests  at  the  14  X 22  create  a big 
unknown. 

As  I have  said  before,  the  data  from  the  last  14  X 22  test  looks  funny.  Without  it,  not  only  is  the 
flow  angularity  in  the  facility  unknown,  but,  if  the  cause  is  not  identified,  the  data  from 
upcoming  tests  will  be  questionable. 
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Conclusions 


♦ Excellent  progress 

♦ Future  looks  bright 

- Funding  is  solid 

- Support  is  strong 

♦ Still  challenges 


4.3.2  High  Lift  Technology 

For  the  most  part,  though,  the  High  Lift  element  is  making  excellent  progress. 

The  support  is  still  strong  for  HSCT  at  NASA  HQ  and  in  congress.  Resources  are  good. 

But,  there  are  still  some  issues  and  plenty  of  technical  hurdles  to  keep  us  all  challenged. 
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High  Lift  Aero/ptm/02/1 9/97 


HSCT  Aerodynamics 
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HSCT  High  Lift  System  Objectives  & Characteristics 
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Deflection  = f(flight  condition)  Decrease  touchdown  attitude 

Optimize  L/D  subsonic  & transonic  Decrease  takeoff  field  length 

Minimize  attitude  at  touchdown 
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High  Lift  Aero/ptm/02/20/97 
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parameter  of  94.3%  with  thrust  vector  bookkeeping  (L/D  = 9.8)  or  92%  without  thrust  vector 
bookkeeping  (LTD  = 9.4)  at  CL  = 0.50 
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Apply  a technology  projection  to  achieve  92%  suction  parameter  without  the  thrust  vector 
bookkeeping.  Suction  parameter  with  thrust  is  94.3%.  The  projection  is  equivalent  to  a -33.4 
count  drag  reduction  at  this  CL. 
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angles  typical  on  approach  (3°).  Potentially,  the  TCA  has  a serious  approach  speed  problem 
due  to  touchdown  attitude  limitations.  However,  changes  in  noise  assessments  which 
increase  wing  area  of  the  noise  sized  airplane  may  offset  the  attitude  problem.  Further  study 
of  unsteady  ground  effect  and  investigation  of  sizing  constraints  with  Technology  Integration 
Team  is  required  to  determine  the  extent  of  the  approach  speed  problem. 
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L/D  = 9.35,  Spara  = 0.92 
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COMMON  HIGH  LIFT  PD  PROCESS  FLOW  DIAGRAM 
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Finally,  the  data  are  trimmed,  flap  angles  are  optimized,  and  a technology 
projection  is  added  to  bring  the  status  suction  parameter  up  to  the 

projected  level  (94%  accounting  for  thrust  vector  in  CL  and  CD,  92% 
without). 


HSR  AERODYNAMICS  HIGH  LIFT  PROCESSES 
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Use  of  Boundary  Layer  Transition  Detection  to  Validate 
Full-Scale  Flight  Performance  Predictions 


Marvine  Hamner,  Senior  Project  Engineer,  McDonnell  Douglas  Aerospace 
L.R.  Owens,  Jr.,  Aerospace  Engineer,  NASA  Langley  Research  Center 
R.A.  Wahls,  Aerospace  Engineer,  NASA  Langley  Research  Center 
David  Yeh,  Principal  Engineer,  McDonnell  Douglas  Aerospace 


Full-scale  flight  performance  predictions  can  be  made  using  CFD  or  a combination 
of  CFD  and  analytical  skin-friction  predictions.  However,  no  matter  what  method  is  used 
to  obtain  full-scale  flight  performance  predictions  knowledge  of  the  boundary  layer  state  is 
critical.  The  implementation  of  CFD  codes  solving  the  Navier-Stokes  equations  to  obtain 
these  predictions  is  still  a time  consuming,  expensive  process.  In  addition,  to  ultimately 
obtain  accurate  performance  predictions  the  transition  location  must  be  fixed  in  the  CFD 
model.  An  example,  using  the  M2.4-7A  geometry,  of  the  change  in  Navier-Stokes 
solution  with  changes  in  transition  and  in  turbulence  model  will  be  shown.  Oil  flow 
visualization  using  the  M2.4-7A  4.0%  scale  model  in  the  14’x22’  wind  tunnel  shows  that 
fixing  transition  at  10%  x/c  in  the  CFD  model  best  captures  the  flow  physics  of  the  wing 
flow  field. 

A less  costly  method  of  obtaining  full-scale  performance  predictions  is  the  use  of  non- 
linear Euler  codes  or  linear  CFD  codes,  such  as  panel  methods,  combined  with  analytical 
skin-friction  predictions.  Again,  knowledge  of  the  boundary  layer  state  is  critical  to  the 
accurate  determination  of  full-scale  flight  performance.  Boundary  layer  transition 
detection  has  been  performed  at  0.3  and  0.9  Mach  numbers  over  an  extensive  Reynolds 
number  range  using  the  2.2%  scale  Reference  H model  in  the  NTF.  A temperature 
sensitive  paint  system  was  used  to  determine  the  boundary  layer  state  for  these  conditions. 
Data  was  obtained  for  three  configurations:  the  baseline,  undeflected  flaps  configuration; 
the  transonic  cruise  configuration;  and,  the  high-lift  configuration.  It  was  determined  that 
at  low  Reynolds  number  conditions,  in  the  8 to  10  million  Reynolds  number  range,  the 
baseline  configuration  has  extensive  regions  of  laminar  flow,  in  fact  significantly  more  than 
analytical  skin-friction  methods  predict.  This  configuration  is  fully  turbulent  at  about  30 
million  Reynolds  number  for  both  0.3  and  0.9  Mach  numbers.  Both  the  transonic  cruise 
and  the  high-lift  configurations  were  fully  turbulent  aft  of  the  leading-edge  flap  hingeline  at 
all  Reynolds  numbers. 
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Use  of  Boundary  Layer  Transition 
Detection  to  Validate  Full-Scale  Flight 
Performance  Predictions 


Marvine  Hamner,  Senior  Project  Engineer,  McDonnell  Douglas  Aerospace 
L.  R.  Owens,  Jr.,  Aerospace  Engineer,  NASA  Langley  Research  Center 
R.  A.  Wahls,  Aerospace  Engineer,  NASA  Langley  Research  Center 
David  Yeh,  Principal  Engineer,  McDonnell  Douglas  Aerospace 


This  presentation  is  again  the  successful  result  of  the  collaboration  of  NASA, 
McDonnell  Douglas,  and  Boeing  researchers  in  planning  and  testing  an  HSCT-class 
configuration  under  a wide  variety  of  conditions.  It  focuses  on  the  affect  the 
boundary-layer  state  has  on  our  ability  to  predict  full-scale  flight  performance. 
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Presentation  Outline 


• Effect  of  Fixing  Transition  on  CFD  Solutions 

• Transition  Effects  in  Analytical  Skin-friction 
Predictions 

• Transition  Detection  using  Temperature 
Sensitive  Paints 

• Summary 

• The  Next  Steps 
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Overall  Wind  Tunnel  Test 
Objectives 

• Obtain  free  and  fixed  transition  data  on  three 
configurations:  baseline,  high-lift,  and  transonic 

- Use  data  to  design/validate  a transition  fixing  methodology 
for  HSCT-class  configurations 

- incorporate  data  in  full-scale  flight  performance  prediction 
methodology 

• Obtain  data  for  CFD  validation 

Goal 

• Be  able  to  predict  full-scale  flight  performance 
using  low  Reynolds  number  wind  tunnel  test 
data  with  confidence 


Last  year  I said  that,  ‘To  develop  full-scale  performance  predictions  an 
understanding  of  Reynolds  number  effects  on  HSCT-class  configurations  is 
essential.”  Today  we  still  have  the  same  overriding  premise  in  our  wind  tunnel  test 
objectives.  Our  ultimate  goal  is  to  be  able  to  predict  full-scale  flight  performance 
using  the  data  we  acquire  during  configurations  development,  at  low  Reynolds 
number.  When  I say,  “with  confidence,”  I mean  that  we  should  be  able  to  say  what 
the  level  of  confidence  is  in  our  predictions. 


1756 


=MCDOWWRX  DOt/OLi 


i HIGH-SPEED  CML  TRANSPORT 


Model/Configurations  Definition 
Used  for  Transition  Tests 


2.2%  Model  used  for  testing  in  the  NTF 
Wing:  Reference  H wing 


Flap  deflections  available: 

LE 

TE 

Baseline 

0/0 

0/0 

Transonic 

0/10 

0/3 

High  Lift 

30/30 

10/10 

Body:  Fuselage  truncated  at  station 

60.8150 

Nacelles:  Axisymmetric 


The  2.2%  scale  Reference  H model  used  for  transition  testing  at  the  NTF  includes: 


• wing  - with  various  flap  deflections  representing  high-speed  and  high-lift 

configurations 

• fuselage 

• axisymmetric  nacelles 


The  truncated  fuselage  is  run  on  the  straight  sting.  Trips  normally  applied  include  the 
forebody  ring  and  nacelle  internals.  A “conventional”  wing  tripping  scheme  based  on 
Braslow  criteria  was  used  to  obtain  the  fixed  transition  data. 
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Model/Configurations  Definition 


4.0%  model  used  for  testing  in  the  14’x22’ 


Wing: 

M2.4-7A  Arrow  wing 

Flap  deflections  available:  various 

Body: 

Complete  fuselage 

Nacelles: 

Axisymmetric 

The  4.0%  scale  M2.4-7A  Arrow  wing  model  used  at  the  14’x22’  includes: 

•wing  with  various  leading-  and  trailing-edge  flap  deflections 
•complete  fuselage  and  tails 
•axisymmetric  nacelles 

The  model  is  run  on  a post  mount. 
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Spanwise  Pressure  Comparison  Locations 
for  the  M2.4-7A  Configuration 


The  spanwise  pressure  distribution  at  various  stations  can  be  used  to  illustrate  the 
effect  of  describing  the  boundary  layer  state  on  the  CFD  solution.  This  figure  shows 
which  stations  are  used. 
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CFD  solutions  using  two  different  turbulence  models  were  obtained  as  well  as  the 
solution  fixing  transition  at  10%  x/c.  This  slide  illustrates  the  difference  in  the 
solutions  obtained  for  these  cases.  In  addition  to  determining  which  turbulence 
model  to  use,  describing  the  boundary-layer  state  plays  an  important  role  in  obtaining 
CFD  solutions  that  best  model  wing  flow  field. 
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Comparison  of  Wind  Tunnel  Ofl  Flow  and  CFD  Solutions 
Near  the  Trailing-Edge  for  the  M2 .4-7 A Configuration 

Trafling -Edge  Flap  Deflection  - 20° 

Alpha  = 10  Degrees 


Effect  of  Fixing  Transition  on  Computed  'Oil  Flow’ 

• Sp*l»t-AIn*rej  • $Mjtan-AJhnunv  • Wlud  Tuauad  00  Flow 

tramidan  a*10%  c 


As  shown  in  this  figure,  fixing  transition  at  10%  x/c  in  obtaining  the  CFD  solution 
better  models  vortex  formation. 
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This  slide  illustrates  the  variation  of  flat  plate  skin  friction  coefficient  with  Reynolds 
number  and  Mach  number  for  various  transition  locations.  A cut  taken  at  an  NTF  test 
condition  yields  a family  of  curves  representing  the  flat  plate  skin  friction  coefficient  * 
as  a function  of  Reynolds  number  at  various  transition  locations.  This  cut  represents 
a linar  interpolation  between  original  data  at  Mach  0.0,  0.5,  and  1.0.  This  data  was 
obtained  from  the  “Clutter  charts,”  Douglas  Aircraft  Company,  Inc.,  Report  Number 
ES  29074.  They  represent  a smooth,  insulated  flat  plate. 
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Analytical  Skin-friction  Calculations 

Skin-friction  drag  = Contribution  from  wing  + 

Contribution  from  fuselage 

= ^^DWing  + ACoFusalag* 

Each  contribution  = Form  Factor  * (Swe/Sref)  * Cf 


Form  Factor,  Swet  and  Sref  based  on  physical  geometry 
Cf  based  on  previous  analytical  and  experimental  work 


The  flat  plate  skin  friction  coefficient  is  scaled  by  the  form  factor,  the  wetted  area,  and 
the  reference  area.  These  factors  are  based  on  physical  geometry.  The  Tl  group 
provided  the  values  of  these  factors.  Because  of  the  presence  of  the  forebody  trip 
ring,  the  fuselage  can  be  considered  fully  turbulent.  Thus  the  contribution  from  the 
fuselage  becomes  constant  based  on  Reynolds  number  while  overall  skin-friction 
drag  varies  as  a function  of  transition  location  on  the  wing. 
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Analytical  Skin-friction  Predictions 
Anchored  with  High  Reynolds  Number  Data 


The  chart  in  this  slide  was  presented  last  year.  It  represents  the  scaled  flat  plate  skin 
friction  coefficient  for  various  transition  locations,  anchored  at  the  minimum  drag  level 
for  the  high  Reynolds  number  condition.  This  particular  slide  includes  data  for  the 
Mach  0.3  case.  The  40  million  Reynolds  number  data  shown  in  this  chart  has  since 
been  determined  to  be  bad. 


This  chart  illustrates  the  variation  in  transition  location  as  a function  of  Reynolds 
number. 
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Analytical  Skin-friction  Predictions 
Anchored  with  High  Reynolds  Number  Data 


The  chart  in  this  slide  was  also  presented  last  year.  It  represents  the  scaled  flat  plate 
skin  friction  coefficient  for  various  transition  locations,  anchored  at  the  minimum  drag 
level  for  the  high  Reynolds  number  condition.  This  particular  slide  includes  data  for 
the  Mach  0.9  case. 


This  chart  also  illustrates  the  variation  in  transition  location  as  a function  of  Reynolds 
number. 
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Mapped  TSP  Image  Data 


TSP  image 


of  laminar  region 


The  capability  of  directly  determining  the  boundary  layer  state,  that  is  laminar  versus 
turbulent,  aNows  us  to  reconsider  theanalytical  skin  friction  predictions.  To 
determine  the  square  inches  of  laminar  boundary  layer  present  the  2-D  TSP  image 
acquired  during  two  NTF  tests  last  year  was  mapped  to  a 3-D  grid.  Because  the 
extent  of  the  laminar  boundary  layer  is  not  symmetric,  this  grid  was  split  into  upper 
and  lower  surfaces.  These  surfaces  were  cut  with  planes  determined  by  two  points 
at  the  edge  of  the  laminar  boundary  layer  nearest  the  side-of-body  and  two  points  at 
the  edge  of  the  laminar  boundary  layer  nearest  the  trailing-edge.  This  technique 
disallows  turbulent  wedges  issuing  from  areas  of  damaged  paint.  However,  for 
conditions  where  a larger  transitional  region  occurs  it  may  overstate  the  extent  of  the 
laminar  boundary  layer.  The  surface  area  representing  this  “laminar  region”  was  then 
computed. 
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HfGH-SP&D  Ctm 

Percent  Laminar  Surface  Area 


Mach 

Chord 

Laminar 

Percent 

Percent 

Number 

Reynolds 

Area  (in2) 

Laminar 

Laminar 

Number 

Area 

Area 

Based  on 

Based  on 

W impress 

Gross 

Area 

Area 

0.3 

8.5 

109.9 

44.5 

39.6 

14.4 

65.4 

26.4 

23.5 

21.6 

54.6 

22.1 

19.7 

34.0 

-32.8 

13.3 

11.8 

0.9 

10.2 

93.8 

37.9 

33.7 

20.0 

50.9 

20.6 

18.3 

30.0 

35.3 

14.3 

12.7 

This  table  in  this  slide  shows  the  computed  “laminar  region"  for  various  test 
conditions.  Because  no  lower  surface  data  was  obtained  for  the  Mach  0.3,  34.0 
million  Reynolds  number  condition,  the  upper  surface  laminar  area  was  doubled  to 
obtain  the  value  shown.  Specific  values  for  upper  and  lower  surface  areas  are 
available  on  request. 


To  obtain  this  table  the  following  assumption  was  made. 

1)  It  was  assumed  that  the  flat  plate  skin  coefficient  data  was  obtained  at  zero 
degrees  angle  of  attack.  Since  the  twist  on  the  outboard  panel  (where  most  of  the 
laminar  boundary  layer  exists)  is  about  one  and  one-half  degrees,  this  table  was 
computed  for  data  obtained  at  one  degree  angle  of  attack. 
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Reynolds  Number  Study 
2.2%  Reference  H,  W/B  Baseline  Configuration, 

Mach  =0.3 


Transition 

Location 

x/c  = 0.0 

x/c  = 0.1 
x/c  = 0.2 
x/c  = 03 
x/c  = 0.4 
x/c  = 03 


This  slide  illustrates  the  analytical  skin  friction  predictions  for  various  transition 
locations,  the  wind  tunnel  force  data  previously  acquired,  and  the  computed  laminar 
surface  areas  at  Mach  0.3.  Previously,  anchoring  the  analytical  skin  friction  curves 
using  high  Reynolds  number  data  moved  the  curves  such  that  there  appeared  to  be 
more  laminar  flow  at  low  Reynolds  numbers  than  analysis  alone  predicts.  Direct 
determination  of  the  laminar  surface  area  bears  this  out.  However,  there  still  appears 
to  be  a discrepancy  at  low  Reynolds  numbers.  This  may  be  due  to  the  presence  of 
other  phenomena  such  as  separation.  It  may  be  also  be  due  to  data  quality. 
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Reynolds  Number  Study 
2.2%  Reference  H,  W/B  Baseline  Configuration, 


This  slide  illustrates  the  analytical  skin  friction  predictions  for  various  transition 
locations,  the  wind  tunnel  force  data  previously  acquired,  and  the  computed  laminar 
surface  areas  at  Mach  0.9.  As  in  the  previous  slide,  when  the  analytical  skin  friction 
curves  were  anchored  using  high  Reynolds  number  data  the  curves  moved  such  that 
there  appeared  to  be  more  laminar  flow  at  low  Reynolds  numbers  than  analysis 
alone  predicted.  Again,  direct  determination  of  the  laminar  surface  area  bears  this 
out.  And  again,  there  still  appears  to  be  a discrepancy  at  low  Reynolds  numbers. 
This  may  be  due  to  the  presence  of  other  phenomena  such  as  separation.  It  may  be 
also  be  due  to  data  quality.  However,  because  the  Mach  0.9  data  is  acquired  at 
higher  dynamic  pressures  data  quality  issues  in  coefficients  generally  become  less 
observable. 
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Boundary  Layer  Transition  Detection  Reduces  Risk 


Summary  illustrating  scaled  skin-friction  curves  anchored  using  high  Reynolds  Number 
data,  NTF  wind  tunnel  data,  and  NTF  TSP  data.  This  figure  illustrates  the  consistency  in 
trends  and  levels  between  the  three  data  sources.  It  also  depicts  the  interdependency 
between  over  all  design  techniques,  that  is,  between  ground  test,  flight  test,  and  analytical 
methods. 
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Summary 

• Fixing  transition  has  a significant  effect  on 
CFD  solutions. 

• Measured  drag  levels  at  low  Reynolds 
numbers  are  somewhat  different  than 
changes  in  boundary-layer  state  show 
indicating  the  presence  of  other  phenomena, 
for  example  separation. 

• Knowledge  of  the  boundary-layer  state  allows 
anchoring  analytical  skin  friction  predictions 
with  low  Reynolds  number  data. 

• An  assessment  of  the  confidence  level  can  be 
made. 


As  shown  in  this  presentation,  fixing  transition  has  a significant  effect  on  CFD 
solutions.  This  can  be  seen  in  both  the  resulting  pressure  distributions  and  in  surface 
streamlines  illustrating  vortex  formation. 


Measure  drag  levels  indicate  the  presence  of  phenomena  other  than  boundary  layer 
transition.  Trends  across  Mach  numbers  between  force  data  and  transition  data  are 
consistent. 


Once  the  boundary  layer  state  has  been  determined  analytical  skin  friction 
predictions  can  be  anchored  and  full-scale  flight  performance  predictions  completed. 
An  assessment  of  the  confidence  level  of  the  full-scale  flight  performance  prediction 
can  be  made  by  determining  upper  and  lower  bounds  on  the  extent  of  laminar 
surface  area  and  force  data  quality. 
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The  Next  Steps 

• Acquisition  of  low  Reynolds  number 
transition  data  on  additional  models  to 
support  methodology  development. 

• Continued  transition  detection  development. 

• Adaptation  of  methodology  to  configurations 
and  conditions  of  interest. 

- The  high-lift  configuration  appears  to  be  fully  turbulent  at 
angles  of  attack  of  interest. 

- The  outboard  leading-edge  flap  is  laminar  at  angles  of 
attack  of  interest  for  the  transonic  configuration. 

- The  cruise  configuration  maintains  some  laminar  flow 
outboard  at  the  cruise  angle  of  attack. 

• incorporation  of  stability  code  predictions. 


Continued  effort  to  determine  the  extent  of  the  laminar  boundary  layer  including 
acquisition  of  data  on  models  at  low  Reynolds  numbers  will  be  key  in  fully  developing 
a methodology  for  full-scale  flight  performance  predictions.  This  includes  continuing 
to  develop  transition  detection  techniques  and  understanding  how  to  apply  this 
methodology  to  additional  configurations  at  a variety  of  conditions.  Incorporation  of 
stability  code  results  will  play  a major  role  in  developing  computational  techniques 
that  completely  model  the  flow  physics  present. 
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- Preliminary  comparison  with  Modified  Ref-H  data 
Summary  & Future  Plans 
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through  parametric  studies. 


OBJECTIVE  - HSCT  High-Lift  Aerodynamics 

Maximize  L/D  (minimize  noise) 

- LE  Flaps  : Promote  Attached  Flow 

- TE  Flaps  : Optimize  Span  Loading 


1777 


o 

<0 

o 

Q. 

Q. 

< 


Q-  < 
2 co 

— < 
~o  ^ 
0 

0 0 

E -D 

O 0 
13  Q- 

0 O 
0 g 
£ 0 
H-  "O 

o 0 

^ T3 

c o 
0 o 

E Q 

Q.  CO 
O _J 

0 ll 
> o 

-§  0 

0 ■D 
0 0 


■B  © 

> c 

0 

-O  jo 
Q.  0 

E £ 

8 g> 

2 *6 

CO  JO 

0 o 
~ c 


0 c 

0 O 


° ~o 
0 C 

g i 

3 £ 

C/3  q_ 

O Q. 
'3  13 

0 © 
E 2 
jo  ~o 
0 © 
CL  E 


To  § 

■8  CO 
0 > 

E ® 

i? 

0 0 

£ § 


• o 

* : / r\ 


C/3 

C 


0 


.2  Q.  c 

3 0-2 

O 0 
W = 3 
£ £ ,2> 
j2  w *£ 

2 0 o 8 


c « 

O !2  c 


° 0 


0 


o 


o 7: 

N CO 

~ 0 
3 0 
_ s- 
O 13 
T3 

.2  0 
_ o 

o 2 

0 Q. 

2 c 

Q.  O 

Q_  += 
0 O 
0 

0 q= 

F © 

I—  T3 


0 g 

g 0 
E "o 

0 § 

o .P 


© P 
° 0 £ 
0 -O  D- 

0 ° 

© ■§  S 

r--3  0 

t D) 


0 


0 

■+— » -I—' 

!t=  0 

T T3 

"03  0 

!E  © 

o -g 

-Q 

o © 
oc  0 
0 > 
_l  0 


„ 05 
2 0 .2 
0 > 

QLT3  -c 

E © 

0 © "O 

.2  E 2 
0 2 0 
E o 0 

3 c 0 

© 0 r 

0 Q.  0 
-C  0 C 

m-  0 § 

o ^ 2 


1778 


8/ 


0 

o 

3 

"O 

ZE 

0 

O 

o 

o 

c 

CL 

o 

c 

_05 

o 

3 

o 

(0 

V-» 

o 

0 

Q) 

E 

'0 

o 

o 

Q 0 

Q. 

Q.  E 

0 4— < 

0 

> 

Q. 

LL  "D 

o 

< 

s | 

g | 

if) 

£ 

o 

LL 

o E 

4— » ^ 

< © 
Q_  O 

Q 

CO 

_l 

LL 

O 

if) 

C 

o 

05 

O 3 

3 

Qi  L) 

> <B 

0 

N 

O) 

a)  CL 

"c 

Q ■ 

o 

O 

0 03 
E o3 

3 “D 

C 4- 

CO  8 
if)  SE 

0 t- 

if)  £ 
(f)  ~ 

< ^ 


1779 


wind-tunnel  test  support 
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Numerical  Applications  to  HSCT  High-Lift  Aerodynamics 
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Automated  Flap  Deflection  Procedures  Reduce  Turn-Around  Cycle 
for  Performance  Analysis  and  Flap  Optimization 
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Automated  Grid  Modification  Procedure  for  Modeling  Leading-Edge  Flap  Segments 
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Automated  Grid  Modification  Process  for  TE  Flap  Deflections 

eking  / Regridding  2.  Gap  modeling  3.  Flap  Rotate 
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Typical  HSCT  High-Lift  Computational  Model 

Single  Zone  Consists  of  3.3  Million  Grid  Points  for  the  Half-Body 
(305X65X169) : (Chordwise  X Radial  X Spanwise) 
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Predicted  Surface  Pressure  for  the  M2.4-7A  Opt2A  Configuration 

at  M = 0.3,  OC  = 10  degrees,  Re=8  million 
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Predicted  Surface  Pressure  for  the  M2.4-7A  Opt2A  Configuration 

at  M = 0.3,  0C  = 10  degrees,  Re=8  million 

CFL3D  and  Baldwin-Lomax  Turbulence  Model  with  Deaani-Schiff  Modification 
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Angle  of  Attack,  a (deg)  Dra9  Coefficient,  C, 
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Typical  Convergence  and  Computational  Resources  Requirements 

Variable  Time  Steps  and  3 Multigrid  Levels 

• Convergence  i.ott 1 2l 1 
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BL/DS  = Baldwin-Lomax  (0-Eq)  turbulence  model  with  the  Degani-Schiff  modification 
SA  = Spalart-Allmaras  (1-Eq)  turbulence  model 

SA/Trans  = Spalart-Allmaras  model  with  the  transition  at  the  1 0%  local  chord  from  the  LE 
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Effects  of  LE  Flap  Deflection  on  the  Upper  Surface  Flow  Pattern 

for  the  M2.4-7A  Configuration 

M=0.3,  a=10,  Re=8  Million 
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Effects  of  Leading-Edge  Flap  Deflection  on  the  Cross-Flow  Total  Pressure 
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Effects  of  LE  Flap  Deflection  on  the  Spanwise  Pressure 

M2.4-7A  Mod3  Configuration 
M=0.3,  AOA=10,  Re=8  million 
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_eading-Edge  Blowing  Slot  Modeling  for  High-Lift  Performance  Study 

M2.4-7A  Mod3  Configuration  with  8(LE/TE)=40/1 0 
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Effects  of  LE  Blowing  on  the  Upper  Surface  Flow  Pattern 
for  the  M2.4-7A  Mod3  Configuration 
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specified  grid  location  near  the  LE  region.  The  numerical  solution  obtained  from  the  modified 
Baldwin-Lomax  shows  a similar  result  as  that  of  using  the  Spalart-Almaras  turbulence  model  in 
terms  of  the  vortex  flow  characteristics  as  shown  in  the  figure. 


Effects  of  Turbulence  Modelings  on  the  Vortex  Flow  Characteristics 

Clean  TCA  Configuration,  M=0.3,  a=10,  Re=8  million 
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TCA  Clean  W/B  Configuration 
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Angle-of- Attack  (deg) 
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Effects  of  LE  Flap  Deflection  on  the  Flow  Field  for  the  TCA  Configuration 

M=0.3,  ot=10°,  Re=8  Million  

5 (LE/TE)  = 0/0  deg  \ 5 (LE/TE)  = 30/0  deg  I 
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Pressure  Coefficient 


1828 


MCDO/V/VELL  DOUGLAS  ' =====  HIGH-SPEED  CIVIL  TRANSPORT 


(/> 

(/> 

<D 

£ 

o 

o 

hS 

3 

CO 


0 

o 2 

T—  CO 

^ © 

o c 

CO  ~ 
< 0 
o g> 


0 


LU 


o -D 

M”  C 
0 0 

= LU 

B — * 

8 £ 

2 0 
^ 0 

0 C 
co  ^ 

£ c 
CL. 2 
0 D) 
o 0 
0 4- 
TZ  0 


0 


• 0 
0 vl 

0 3 
O 0 
0 0 

■§  £ 

g °- 

■g  f 

£ " 

3 
O 

5 E 
5 2 
■o 

c c 

=5  0 

§8 

§1 
0 0 
© 0 

© 0 
0 Q_ 
^ 0 
0> 


0 


0 S — 

Jr  CO 

8.  £ 

Q.  Q- 


0 

0 


• I 

JZ  — 
~ 0 
0 JZ 

5 h- 

o 

» § 

0 

3 2 
CD  3 
*i=  U) 

■F  *£ 

f1  O 

I—  O 


O C 
^ 0 

3 °- 

0 W 
0 LU 

0 JZ 
0 +- 

0 o 

B 0 

0 o 
> 0 

-E  © 

8 5 

O h- 


CO 

13 

O 

■4— ' 

c 

o 

o 


1830 


I /MCDO/V/VELL  DOUGLAS i ..  ■==■  HIGH-SPEED  CIVIL  TRANSPORT 


c 

0 

0 

_Q 

0 

(0 

0 

c 

O 

o 

■ MBi 

T 

< 

(0 

o 

o 

<c 

o 

0 

-J 

c 

_o 

Q. 

’■4— ■ 
0 

(0 

l_ 

3 

H 

.D) 

0 

C 

o 

o 

3 

o 

(0 

</> 

o 

CO 

0 

< 

£ 

o 

h- 

< 

0 

-£= 

o 

’4— » 

o 

M— 

c 

o 

Z5 

o 

0) 

CD 

-C 

1- 

0 

c 

o 

3 

.Q 

0 

u 

C 

0 

o 

ID 

4— > 
0 

0 

O 

i_ 

3 

o 

0 

0 

0 

a-  cd 

0 i_ 

3 

Q. 

0 CD 

0 

La  7 T* 

3 _ 

0 

0 c 

<: 

*o 


■o 

c 

03 

CD 

CD 

> 

C 

03 

Q. 

CD 

CD 


CD 

2 | 
I 

0 _C 
-C  CD 

-t— • 

CD 

03  03 

° B 

sz  t 

° < 
£ O 
o I— 


*=  LO 

Q)  O 0 


0 

O O 

o +- 

P c 


0 

0 

0 

0 

O 

O 


O 

CL 


3 13 
0 C 
0 O 
0 Q_ 

o «D 
“■  0 
0 t 

i—  8 


1832 


Pressure  Tap  Locations  for  the  TCA  Configuration 
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Buttline  I Fuselage  Station 
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Spanwise  Pressure  for  TCA  30/1 0 Configuration  (Part  Span) 

M=0.3,  alpha=10  deg,  Re=8  million 
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TCA  30/10  Preliminary  Comparison 


© 0 
_g_  d 

0 C 

4-  o 

© -O 
C 0 

o 0 

43  0 

0 _Q 
0 IT> 

.9^0 

C ^ 
O 7t 

o O 

O 

^ 03 

O o 
CO  -J3 

< "O 
7^  0 
> 


Q 

LL 


0 

0 

0 

0 __ 
© 1 
0 ' 


O >,  0 • 

< 0 QC 

0 — ~o 

I-  0 .9 

0 = % 
•5  V E 

c 2 ® 

1 $s 

*gl 

c "o 

® ® 

0 o 
.Q  .2 


c 

o 

■4=  0 

0 ■'zL 

i_  0 

13  "O 
03  +- 
43  CO 

c 0 
O 

o 0 

< £ 

H c 

0 © 
JZ  0 

■+-  c 

o .2 

+— » 

■K  3 
CD  — 
JZ  O 
+=  C/> 


H-Sro«c«Q£ 


o © 


0 


0 C © © © LL 


t"  0 

£ $ 

~o  _* 

0 O 

c 0 

’Z3  -M 

s 7 

0 o 

.2  _0 

c O) 
o c 

■43  cC 

I- 

0 


|£E 

Is© 

0 0 JD 

Q_  "°  p 
^ —3 
^ V+l  O 
. 0 JZ 
O QC  © 

¥ -o  — 
0 © 

-c  5E  © 

Q-T3  ^ 
O c 

C © 


0 


C 

o 


0 . 
C 0 
O 03 

■43  0 
— 

2 03 

2 © 
CD  "O 

<§2 


■O 
c 
0 

0 
03  5 

c o 


0 o 

f—  ■ — 

E 


_o 

o 

0 


0 _3 

X O 
0 0 


0 

cz 

>N 

■O 

o 

0 

0 


E O 

O 03 
d +-> 

© c 

Q_  0 

GL  g 
© 2 
itz  © 
03  -Q 

.2  C 

> © 

7 © 
0 0 

E 0 

© 2 

0 c 

0.2 
£ © 

0 © 
0 t 

JZ  O 

_ o 
© 


0 o 


03 


0 

o-g 

1 1 

03  cQ 

© 5= 

0 LLJ  ■ 

_C  — I C 

r c.o 

.2  0 03 

8 & 2 

~ = LO 

©2d 
0 0 » 

L. 

CD 

O © r- 

03  © ~ 
c "0  0 
~ — o 

f,  W 3 
O © 0 

0-0  0 
.2  2 O 
©dm 

?15 

0 © o 

nl 

III 

E 0 © 

2 £ 0 
■O  c *3 

«o.8 

D)  . M 
C +-*  ro 

D 2 i 

o © © 

.2  .2  0 


1838 


•I* 


1839 


-0.20 


MCD€>tSn%IEL.L  DOUGLAS = — i ■ ===■  HIGH-SPEED  CIVIL  TRANSPORT 


0 

JO 


o _ 

CO  as 
<■£ 
P§ 

o ® 

^ JO 

E O 

£ 0 

£ ° 

03  O 

Q-  03 

£ <0 
O < D 
Q. 

CD  Q- 

o 


03 


03  0 
t=  _£Z 

0 §? 

a -s 

3 CM 

■D  'r_ 
CD  "D 
O C 

T3  ® 
0 O 

S.7 

22 

Q. 

g 03 
> +- » 
O 03 

0 

3 2 

O)  =3 

g) 

•F  *£ 

F ° 

I—  o 


13  = 
0 _Q 
0)  CO 

0 _J2 
0 0 
< .E 

*1 

-9  o) 
0 c 

> ° 

> 0 
n:  x: 
0 — 
CD  0 
O CD 

» ? 
§1 
—I  0 

0 "O 

£ Jo 

o S 

*E  - 
0 0 
O 0 
_Q  > 
C O 

® £ 
J=  0 


0 


1840 


1841 


MCDOn/n/ELL.  POI/OL4S-  I — - HIGH-SPEED  CIVIL  TRANSPORT 


y 

w. 


LU 

« i.  <d 

-C  £ O 
>0-03 

.III 

si* 

Z5  ^ Q. 
CD  =3 
O 0 


o CO 
+-•  CD 


% ® 
1h 

= Q. 

C CO 

0 H— 

t LU 

at 

Q. 
-C  (7) 
O — 


Q_  "O 

S § 


1842 


TCA  30/10  Configuration  with  Full-Span  LE  Flap 
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- Flap  schedule 

- LE  flap  chord  length/extent 
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Xuetong  Fan 
Paul  Hickey 
ASE  Technologies,  Inc. 


High  Speed  Research  Program 
Aerodynamic  Performance  Technology  Workshop 
H.  J.  E.  Reid  Conference  Center 
NASA  Langley  Research  Center 
February  25-28,  1997 


1849 


ASE  Technologies,  Inc. 


Objectives 

• Develop  effective  modeling  procedure  for  CFD  analysis  of 
HSCT  High  Lift  Wing/Body/Nacelle  (WBN)  configurations 

- Develop  multi-zone  grid  structure  to  include  nacelle  installation 
with  and  without  deflected  trailing  edge  flaps 

- Apply  CFL3D  to  these  complex  wing/body/nacelle  configurations 
using  RONNIE  preprocessor  for  block  interfacing 

• Evaluate  the  effect  of  nacelle  installation  on  the  aerodynamic 
performance  of  HSCT  High  Lift  configurations 

_ Identify  and  analyze  important  flow  characteristics  due  to  nacelle 
installation  to  support  Propulsion  Airframe  Integration  (PAI) 

- Provide  flow  and  performance  data  to  supplement  wind  tunnel  test 

Outline 

1.  MPA  M2.4-7A  Arrow  Wing  Configuration 

A)  Clean  Wing  : B)  Deflected  Trailing  Edge  : 

• Grid  structure  • Grid  structure 

• Convergence  history  • Diagnosis  and  lessons  learned 

• Comparison  with  test  data 

• Flow  visualization 

2.  HSCT  TCA  Configuration 

A)  Clean  Wing  : B)  Deflected  Leading  Edge  and  Trailing  Edge 

• Grid  structure  • Proposed  new  grid  structure 

• Convergence  history 

• Results 

• Flow  visualization 

3.  Summary  and  Future  Plan 
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M2.4-7A  Clean  Wing 
Wing/Body  N-S  Grid 

• Single  Block 

• C-0  Topology 

• 297x65x117 


We  first  present  our  work  in  the  case  of  MDA  M2.4-7A  clean  wing  with  nacelle  installation.  The  WBN  model  is 
based  on  the  wing/body  (WB)  grid  provided  by  MDA.  The  WB  grid  is  a single  block  grid  using  a C-O  topology, 
with  i in  the  stream  wise  direction,  j in  the  direction  normal  to  the  wing/body  surface,  and  /r  in  the  span  wise 
direction.  In  this  case,  the  WB  grid  has  a dimension  of  297x65x1 17  with  about  2.3  million  grid  points. 


In  WBN  model,  we  split  the  single  block  WB  grid  at  appropriate  locations  to  obtain  a few  smaller  blocks.  We  then 
remove  two  blocks,  one  underneath  the  wing  and  one  above  the  wing,  to  make  room  for  the  nacelles  and  diverters. 
In  this  case,  the  two  blocks  removed  are  i=  1—1 13,  j=l — 41,  and  k=33-85  from  under  the  wing,  and  i=257-297,  j=l- 
29,  and  k=33-85  from  above  the  wing  in  the  original  WB  grid. 
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We  then  incorporate  the  axisymmetric  nacelles  and  diverters  geometry  into  the  remaining  WB  grid  and  generate 
new  grid  blocks  around  the  nacelles  and  diverters  (ND).  This  picture  shows  the  front  view  of  the  ND  grid  around 
the  forward  portion  of  the  inboard  nacelles.  Basically  we  use  a C-grid  around  the  ND  outer  surface  and  an  O-grid 
for  nacelle  interior.  The  C-grid  and  the  O-grid  extend  upstream  of  the  nacelle  leading  edge  and  interface  with  an 
H-grid  which  fill  the  space  between  the  C & O grids  and  the  highly  swept  existing  WB  grid  around  the  wing 
leading  edge.  Similar  blocks  are  used  for  the  outboard  nacelle.  Due  to  the  limitation  of  CFL3D  Version  4 which 
does  not  allow  viscous  surfaces  at  both  ends  of  any  one  grid  direction  (I,  J,  or  K),  the  C grid  in  this  region  has  to  be 
divided  into  three  blocks. 
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In  the  aft  portion  of  the  nacelles  downstream  of  the  wing  trailing  edge,  O-grid  topology  is  used  for  both  inside  and 
outside  of  the  nacelles.  The  outside  O-grid  is  broken  into  pieces  for  better  control  of  grid  quality.  As  a result,  a total 
of  28  blocks  with  about  3.8  million  grid  points  are  used  for  the  entire  M2.4-7A  clean  wing  WBN  model.  Both  1-1 
grid  point  match  and  surface  patching  are  used  for  the  block  interfaces.  Block  interface  patching  is  done  using 
CFL3D’s  preprocessor  RONNIE. 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Free  stream  conditions:  Mach  = 0.3;  Re  = 8x1 06 
Turbulence  Model:  Baldwin-Lomax  with  Degani-Schiff  option 


Iteration  Number 


The  M2.4-7A  clean  wing  WBN  model  is  run  using  CFL3D  V.4  for  low  speed  free  stream  conditions  (M=0.3)  at 
four  different  angles  of  attack  (AOA=0, 4,  10,  and  15  degrees).  The  free  stream  Reynolds  number  is  8 million 
based  on  the  reference  chord.  Baldwin-Lomax  turbulence  model  with  Degani-Schiff  option  is  used.  Two-level  grid 
sequencing  and  multi-grid  cycles  are  used  for  faster  convergence.  In  all  four  cases,  converged  steady  state  solutions 
are  obtained.  This  figure  shows  the  Log-scale  residual  history. 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Free  stream  conditions:  Mach  = 0.3;  Re  = 8x1 06 
Turbulence  Model:  Baldwin-Lomax  with  Degani-Schiff  option 


Even  though  the  total  residual  did  not  decrease  to  a more  satisfactory  level,  the  integrated  lift  coefficients  (and  the 
drag  coefficients)  have  converged  to  a constant  steady  state  level  with  vety  small  variations.  At  this  point,  we 
concluded  that  additional  iterations  would  not  further  improve  the  results,  as  seen  in  the  trend  of  the  residual 
history. 
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M2.4-7A  0pt2a  High-Lift  System  Performance 


Comparing  with  the  wind  tunnel  test  results  for  the  same  M2. 4-7 A WBN  configuration,  the  predicted  lift 
coefficients  agree  well  with  the  test  data  for  all  four  angles  of  attack 
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M2.4-7A  Opt2a  High-Lift  System  Performance 


Drag  Coefficient,  C D 


Predicted  lift  and  drag  increments  also  agree  well  with  the  wind  tunnel  test  data,  as  seen  in  the  drag  polar  plot 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Wing  Upper  Surface  Pressure  Distribution  at  AOA=10  deg 


cP 


_1.50  -1.00  -0.50  0.00  0.50 


This  picture  shows  the  pressure  distribution  at  AOA=10  degrees  on  the  wing  upper  surface.  Similar  distribution  is 
seen  in  the  WB  CFD  solution  completed  by  MDA.  The  CFD  solution  captured  the  primary  and  secondary  leading 
edge  vortices  above  the  wing.  Though  not  shown  in  this  picture,  it  is  noted  that,  at  AOA=10  degree,  the  leading 
edge  vortex  strikes  directly  on  the  aft  portion  of  the  outboard  nacelle,  which  may  have  some  impact  on  the 
performance  of  outboard  engine  when  operating  in  suppressed  mode. 

The  white  horizontal  and  vertical  lines  in  this  picture  illustrate  the  chordwise  and  spanwise  locations  where 
pressure  data  are  taken  in  the  wind  tunnel  tests. 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Wing  Lower  Surface  Pressure  Distribution  at  AOA=10  deg 


1550  1800  2225  2450  2675 
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—0.40  -0.10  0-20 


This  picture  shows  the  pressure  distribution  at  AOA=10  degrees  on  the  wing  lower  surface.  The  low  pressure 
region  around  the  leading  edge  of  the  outboard  diverter  indicates  a relatively  strong  cross  flow  component  in  that 
area. 

Again,  the  white  lines  shows  the  pressure  tap  locations  in  the  wind  tunnel  tests. 
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M2.4-7A  Clean  Wing 
WBN  N-S  Solution 

Spanwise  Pressure  Distribution 
AOA=10  deg 
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The  following  plots  show  the  comparison  of  CFD  results  with  wind  tunnel  test  data  in  terms  of  spanwise  pressure 
distribution  near  the  nacelles.  We  can  conclude  in  general  that  the  CFD  results  agree  well  with  the  test  data. 
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M2.4-7A  Clean  Wing 
WBN  N-S  Solution 

Chordwise  Pressure  Distribution 
AOA=1 0 deg 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 


Limiting  streamlines  around  nacelles  and  nacelle  inlets  for  AOA=10  deg. 


One  of  the  objectives  of  this  work  is  to  provide  support  by  predicting  important  flow  characteristics  around  the 
nacelle  inlet  This  streamline  plot  shows  that,  at  AOA=10  degrees,  a region  of  flow  separation  exists  downstream 
of  the  outboard  nacelle  leading  edge.  This  separation  will  result  in  flow  distortion  at  the  outboard  engine  inlet 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Nacelle  Inlets  Cross  Sectional  Static  Pressure 


AOA=10deg 


Inboard 


Outboard 


0.920  0.945  0.970  0.995  1.020  1.045 


The  aforementioned  outboard  engine  inlet  flow  distortion  at  AOA=10  degrees  can  also  be  seen  from  the  cross- 
sectional  static  and  total  pressure  distribution  at  the  outboard  nacelle  entrance  plane. 
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M2.4-7A  Clean  Wing  WBN  N-S  Solution 

Nacelle  Inlets  Cross  Sectional  Total  Pressure 


AOA=10  deg 


Inboard 


0.86  0.89  0.92  0.95  0.98  1.01 
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Summary:  M2.4-7A  Clean  Wing  WBN  N-S  Simulation 

• Obtained  converged  solutions  for  four  angles  of  attack 

• Integrated  aerodynamic  performance  agrees  well  with  test  data 

• Predicted  lift  and  drag  increment  due  to  nacelle  installion  agrees  well 
with  wind  tunnel  test  data 

• Surface  pressure  distribution  agrees  well  with  test  data 

• Captured  significant  flow  characteristics 

• Predicted  flow  distortion  at  nacelle  inlets 
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M2.4-7A  Flaps  0/10 
Wing/Body  Grid 
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• Single  Block 

• C-0  Topology 

• 305x65x169 

• 1-1  match  between 
webs  in  wing  upper 
and  lower  surfaces 


Upper  surface  web 


Lower  surface  web 


Our  next  task  was  to  model  the  MDA  arrow  wing  WBN  configuration  with  10  degrees  deflected  trailing  edge  flap. 
Again,  our  model  is  based  on  the  single  block  WB  grid  provided  by  MDA.  In  the  WB  upper  surface  grid,  “webs” 
are  used  to  connect  the  undeflected  wing  upper  surface  to  the  deflected  flap  upper  surface.  Similar  “webs’  are  used 
to  connect  the  undeflected  wing  lower  surface  to  the  deflected  flap  lower  surface.  In  the  WB  CFD  model,  a 1-to-l 
grid  point  match  was  enforced  between  the  upper  surface  web  grid  and  the  lower  surface  web  grid.  In  our  attempt 
to  model  this  complicated  configuration,  we  tried  to  follow  the  same  approach  in  the  deflected  TE  region. 
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M2.4-7A  Flaps  0/10 
WBN  N-S  Grid 

• Large  variation  in  hinge  line  sweep 

• Close  proximity  of  flap  TE  to  nacelles 

• "Web"  regions  difficult  to  interface 
with  existing  W/B  upper  surface 


The  actual  layout  of  the  deflected  flaps  and  the  nacelles  further  complicated  the  problem.  There  exists  a large 
variation  in  the  flap  hinge  line  sweep.  Because  the  grid  line  has  to  follow  the  hinge  lines  and  the  wing/flap  trailing 
edges,  highly  skewed  grid  results.  In  addition,  the  trailing  edge  comers  of  the  deflected  flaps  are  very  close  to  the 
nacelle  surface,  which  further  complicates  grid  generation  in  those  regions.  Finally,  trying  to  use  the  same 
approach  to  handle  the  communication  between  webs,  we  made  the  decision  to  maintain  the  existing  WB  upper 
surface  grid  and  to  make  the  new  nacelle/diverter  grid  to  match  it. 
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M2.4-7A  Flaps  0/10 
WBN  N-S  Grid 

• 35  Blocks 

• 4.8  Million  Grid  Points 

• Used  wedges  to  match 
the  existing  W/B  grid 
at  wing  upper  surface 

• Unable  to  obtain  good 
interface  between  wing 
upper  and  lower  surfaces 
in  web  regions 


uie  highly  skewed  geometric  space  between  the  nacelles  and  the 
has  35  blocks  with  a total  of  4.8  million  grid  points.  However,  we 
the  wing  upper  surface  (existing  WB  grid)  and  the  wing  lower 
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Summary:  M2.4-7A  Flaps  0/10  WBN  N-S  Simulation 

Status  and  Lessons  Learned: 

• Obtained  converged  laminar  solution 

• Unsuccessful  running  with  turbulence  model 

• Modifying  existing  grid  unlikely  to  solve  the  problem 

• Concluded  that  "web"  interface  is  the  cause  of  failure 

• New  grid  topology  is  conceived  to  properly  handle  the  geometry 

Action: 

• Focus  was  shifted  to  TCA  configuration 

• Will  apply  experience  gained  to  better  model  TCA  WBN  configuration 
with  leading  edge  and  trailing  edge  flap  deflections 
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TCA  Clean  Wing 
Wing/Body  Grid 


Single  Block 

C-0  Topology 

281x69x133 

Min  Viscous  Spacing 
2x1 0"3  in.  (y+=0.2) 

Constant  grid  spacing 
for  the  1 st  2-3  cells 
off  solid  surfaces 


As  before,  our  work  on  TCA  WBN  configurations  started  with  a clean  wing  model.  Again,  our  WBN  grid  is  based 
on  the  single  block  WB  grid  provided  by  MDA.  In  the  MDA  WB  grid,  minimum  viscous  grid  spacing  of  0.002 
inches  is  used  which  yields  a minimum  y+=0.2  for  low  speed  simulation.  (M=0.3,  Re=8xl06)  In  addition, 
experience  at  MDA  indicates  that  maintaining  the  same  grid  spacing  for  the  first  two  to  three  cells  off  solid 
surfaces  helps  to  predict  a more  accurate  drag  coefficient.  We  followed  the  same  guidelines  in  our  WBN  model. 
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TCA  Clean  Wing  N-S  Grid  Cut 

• Under  Wing: 

i=1— 1 05;  j=1  —41 ; k=33-1 13 

• Above  Wing: 

i=233— 281 ; j=1  -37;  k=33-1 13 


Once  again,  the  WB  grid  is  divided  into  several  sub-blocks  and  a region  is  removed  to  make  room  for  the  nacelles 
and  diverters.  In  this  case,  the  two  blocks  removed  are  i=  1-105,  j=l— 41,  and  k=33-l  13  from  under  the  wing,  and 
i=233— 281,  j=l-37,  and  k=33— 1 13  from  above  the  wing  in  the  original  WB  grid. 
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We  used  the  same  grid  topology  for  the  forward  portion  of  the  nacelles  as  in  the  MDA  arrow  wing  case.  Since 
CFL3D  Version  5 allows  viscous  surface  specifications  at  both  ends  of  any  grid  direction,  we  don’t  need  to  break 
the  C-grid  into  pieces.  This  reduced  the  total  number  of  blocks  in  the  model. 
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The  nacelles  for  the  TCA  configuration  have  a rectangular  cross-section  at  the  aft  portion  and  diverters  have  a 
blunt  aft  face  flush  with  the  wing  trailing  edge.  We  therefore  use  C-grid  to  cover  the  bottom  and  PAI  side  surfaces 
of  the  nacelles  and  used  an  H-grid  sitting  on  the  top  surface  of  the  nacelles.  The  final  TCA  clean  wing  WBN  grid 
has  20  blocks  with  a total  of  3.9  million  grid  points.  Both  1-to-l  match  and  surface  patching  are  used  for  block 
interfaces. 

Minimum  viscous  spacing  is  maintained  at  0.002  inches  for  the  first  two  cells  off  the  solid  surfaces. 
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TCA  Clean  Wing  WBN  N-S  Solution 

Free  stream  conditions:  Mach  = 0.3;  Re  = 8x1 06;  AOA=10  deg. 
Turbulence  Model:  Baldwin-Lomax  with  Degani-Schiff  option 


The  completed  TCA  clean  wing  WBN  model  is  run  using  CFL3D  V.5  for  AOA=10  degrees  at  free  stream  Mach  of 
0.3  and  free  stream  Reynolds  number  of  8 million.  Again,  Baldwin-Lomax  turbulence  model  with  Degani-Schiff 
option  is  used.  Two  level  grid  sequencing  and  multi-grid  cycles  are  used.  This  figure  shows  the  residual  history  up 
to  3925  iterations.  Again,  the  residual  seems  not  going  to  decrease  further  to  a lower  level. 


1 
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TCA  Clean  Wing  WBN  N-S  Solution 

Free  stream  conditions:  Mach  = 0.3;  Re  = 8x1 06;  AOA=10  deg. 
Turbulence  Model:  Baldwin-Lomax  with  Degani-Schiff  option 


However,  the  integrated  lift  coefficient  seems  to  be  converging  with  less  and  less  fluctuations.  At  the  end  of  3925 
iterations,  it  appears  that  CL  is  still  increasing  slightly  which  indicates  that  additional  runs  are  necessary  for  the 
solution  to  converge  to  a steady  state.  Additional  analysis  is  in  progress  to  obtain  a more  converged  solution. 


1876 


mill 


ASE  Technologies,  Inc 


TCA  Clean  Wing  WBN  N-S  Solution 


-1.0  -OS  0 JO  OS  1.0 

This  picture  shows  the  pressure  distribution  on  the  WBN  lower  surface  from  the  latest  CFL3D  solution.  The  high 
pressure  and  low  pressure  regions  around  the  leading  edge  of  the  nacelles  and  diverters  indicate  cross  flow  in  the 
spanwise  direction.  Additional  post-processing  after  the  fully  converged  solution  is  obtained  is  necessary  to  clearly 
understand  and  describe  the  flow  features  in  that  region. 
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TCA  Flaps  30/10 
Wing/Body  Grid 


• Single  Block 

• C-0  Topology 

• 289x65x181 

• 1-1  match  between 
webs  in  wing  upper 
and  lower  surfaces 

• More  continuous 
TE  flap  hinge  line 


Our  next  task  is  to  model  the  TCA  WBN  configuration  with  deflected  leading  and  trailing  edges.  The  WB  grid  in 
the  case  of  30/10  has  3.4  million  grid  points.  Once  again,  webs  are  used  in  the  WB  grid  to  connect  the  deflected 
flap  and  the  undeflected  wing  segments  and  1-to-l  match  is  established  between  the  webs  in  wing  upper  and  lower 
surfaces.  In  this  TCA  30/10  configuration,  the  TE  flap  hinge  line  sweep  is  more  “continuous”  in  the  span  wise 
direction. 
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TCA  Flaps  30/10  WBN  Model 


The  most  critical  question  in  this  task  is  how  to  model  the  web  regions  due  to  the  deflected  TE  flaps.  This  figure 
shows  the  geometric  mismatch  between  the  wing  upper  surface  web  and  the  lower  surface  web. 
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TCA  Flaps  30/10  WBN  Model 


Our  proposed  new  approach  to  this  problem  is  to  use  three  wedges  to  fill  the  space  above  the  deflected  flap  caused 
by  the  TE  flap  deflection. 
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TCA  Flaps  30/10  WBN  Model 


Proposed  new  approach: 


And  we  will  use  another  three  wedges  to  fill  the  space  underneath  the  undeflected  wing  segments  caused  by  the 
flap  deflection.  This  will  enable  1-1  point  matching  at  (wedge)  block  interfaces  as  well  as  an  accurate  definition  of 
the  viscous  surfaces  at  the  flap/wing  end  walls. 

The  advantages  of  this  new  approach  include:  (1)  the  geometry  in  the  wing  trailing  edge  region  caused  by  the 
deflected  flaps  is  modeled  more  accurately;  and  (2)  exact  boundary  conditions  or  block  interface  can  be  specified 
for  every  face  of  all  the  wedge  blocks. 

All  the  solid  surfaces  are  accounted  for  in  this  approach  and  exact  1-to-l  match  can  be  established  between  the  side 
surfaces  of  the  wedge  blocks  in  the  “web”  region.  By  adjusting  grid  spacing  in  the  gap  regions,  any  gap  size  can  be 
modeled  accurately. 
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Summary 

• Obtained  viscous  CFD  solutions  for  HSCT  WBN  configurations 
without  deflected  trailing  edge  flaps  (Arrow  Wing  and  TCA) 

- To  date,  comparisons  with  test  data  indicate  good  agreement 

- Predicted  flow  characteristics  may  prove  helpful  for  PAI  work 

• Developed  a grid  structure  for  HSCT  WBN  configurations 
with  deflected  trailing  edge  flaps 


Future  Plan 

• Continue  to  develop  CFD  models  for  HSCT  WBN  configurations; 
Currently  working  on  TCA  Flaps  30/10  configuration 

• Validate  CFL3D  solutions  by  further  comparison  with  test  data 

• Support  PAI  tasks  by  quantifying  the  effect  of  nacelles  on  flap 
aerodynamics  and  providing  flow  field  details  in  the  vicinity  of  nacelles 
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CLF3D/MAGGIE  CFD  Analysis  of  a 4%-Scale  HSCT  Aircraft 

Model  inside  a 12-ft  Wind  Tunnel 
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OBJECTIVES 
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DEFINITIONS  OF  PROBLEMS 
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4%-Scale  M2.l-7A/Tunnel  CFD  3.  4%-Scale  M2.V-7A/Tunnel/Support  CFD 


APPROACH 
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Has  a good  documentation  and  Government  support 


CHIMERA  METHOD  AND  CONCEPT 
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CHIMERA  METHOD  AND  CONCEPT  (CONTINUED) 
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CHIMERA  METHOD  AND  CONCEPT 

Given  Configuration  (CONTINUED) 
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CHIMERA  METHOD  AND  CONCEPT  (CONCLUDED) 
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CHIMERA  METHOD  AND  CONCEPT 

Component  Grid  Generation  (Continued)  (CONTINUED) 
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MAGGIE  - AN  OVERSET  GRID  PRE-PROCESSOR  OF  CFL3D 
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MAGGIE 

AN  OVERSET  GRID  PRE-PROCESSOR  of  CFL3D 
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MAKING  MAGGIE  MORE  USER-FRIENDLY  IN  THE  FUTURE 
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MAKING  MAGGIE  MORE  USER-FRIENDLY 

IN  THE  FUTURE 
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DEFINITION  OF  PROBLEM:  4%-SCALE  M2.4-7A/WIND-TUNNEL  CFD 
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DEFINITION  OF  PROBLEM:  4%-SCALE  M2.4-7A/WIND-TUNNEL  CFD  (CONCLUDED) 
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M2.4-7  A/WIND-TUNNEL  CFD 
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Chimera  method 


MAGGIE  CALCULATED  OVERSET  GRID:  M2.4-7A  MODEL/NASA/AMES  12-FT  TUNNEL 
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MAGGIE  CALCULATED  OVERSET  GRID 

M2.4-7A  Model/NASA/AMES  12-FT  TUNNEL 


: !Hi;!!;!;;;i!i!ii;iii!:;ii!i!ii;i;!i  i iiiiisiiiiiiiiiiiilliiiilliililll  jlii!!!! 

mmmassasaBBjSgs 

ii  mum  in  inn  in  mu  ni  rum  1 1 tiiirniuiiniiiiiijijfijM[iHJiJJJ*JJJ{| 

■iiiiB  n«wi 


i invar  - 

in •■•<»;:.  ^ 

-'jT1* 

mu*- u,!1,- 
min  ii’-- 
Mill  ■■} 
inn  HI 
inn  . ibi 


mr 

ini-=~iir*;*: 
mr;i  n::  .; 

Ill1  - ■ III"’ 
illiii 

lir-=Jir!!:: 
ill,::  ill::::. 

imu  ::v:r: 
iiiiii::ii-:,i 
iliilfrMI;!:; 
i mu  • id  1 1 * *! 
ilin  ii 

i iii»*  u;ii  »»•«•;;:■ 
ini«!iii»it**" 

11111*1111  ■! 

11111111*11' 
mill  n;ai* 

miii'.ii’ 


r?“>i,iM».;ij«»iii» -*■:»»  mu 

t »min  ::m  iijmiii •••itu 
B::»'M*ni;v"«iii«i  iir-»*.im 

iiti  :**«>>  l»  111 
> >i iitiiT**nin 
I •«.:  V'lMlf M'NUII 
:-«n;:,*»i  ii  (Mill 


-'MMM  j -J"1 

Iix 

Hi  ::«llh 

111! 

III 

:?:?iii?5?iiihi 

l;Si|Sllt'*IIIIII 


f;«»ni  , 





Vv«wl!  11  " _ 


;*«*«• 

-J.v;: 

Vt\\\ :: 

»•> ! 

1 1 ns  i i»ii,i.,iiiV1iV'' 

imi*n 

I min ]H3iTi*r«ir*.  w 

. i ’imii.i't  mniviiuiiMiiiiiuuiii 

iiHinirdri>^r,iffragki!;i  t;  i*i  ;in*iu!iiiiiMiii 

niiiiim’imN'i.'i.TsI  mv  ' ii  ';rji!mirj||i*»ii«i;i:ii*iiii*iiiii! 

im»»iUM»-H.'i  :ii;:;(  i :iiji  ;t  i ',,-ir 

miliiiriUi.Lr’l  Ti.li*:.  tl'MIi1 1 Mr*  m Mi<M..i(|r'iiiii,i|t|||,<ia  i . Ml 
iiiii  iici.i'i'  :;,m<  tin*  •>,  i .»ii.rii'iiiN|ii.iiii:iiSk«iii. "in. tin 

iiir<ikii*.'ri»«Mt:>r?ii’<;;n<  •;  n k i i'i;.  iiii<:mi|>Miiit. iiiii;* n iifim 
mi;r.iiii<v.i  :m,  n i ■:,<  n r^’t t :,iiirMiMiMni.i;ii;ii:«ii||<f i jjm 

mil' iijki'iiiMii  , I n i<  ,,  im  ; hi  ':iiini  ;iii.|i’i.iiir<iiiiiiiinriii 

iii»Fiii*ni:uii:*’.*f  !:;.iiii  i>  :.i  n :iimiirijiium;i;irui;iimtliii; 

inii.ui.-Mriri  ii  imp;  mi",  i n<  :;u  mi. if h iciiiuriiiuisniiH: 

miiidiriiii.'ui  ii  run  i^T  unirr ! <nriift'iiii*ii<;inii:»;si*iiiKf m *«m 
mir.  ii  ii.  ?w  mu  ]fnM::;iimi':,iii!iiu!iiHnminiinnfHfiMiii 

i ifiimiiiiimin’.viiiiiiiiiiiwi 

uniinui^'iiiiiiiiiiiimjjf; . iiiii  j[iiii;iniii'iihlliit 

llll|l|illlllllii;iifiiillllllllllfli!LI  I '|i|!l!l III: liltllllllllllllllllll ilium, 

in in  


lillllT.  A? 

If;  AT  : 

'ilnis 

lllir.s23lcssssi^^tfS5' 

IIU:-  '•% 

IlMl*  ,<;£ 

uvi|i»  l -■  - , '/  K* 

. ■***' 


.4)V;: 


:::l 


4 


: mm 
MHtutm 


v.W.'  ,yv  ; 

W 


1905 


Axial  View  of  Sectional  Grids 


MAGGIE  CALCULATED  OVERSET  GRID 

M2.4-7A  Model/NASA/AMES  12-FT  TUNNEL 
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DEFINITION  OF  PROBLEM:  4%-SCALE  M2.4-7A/WIND-TUNNEL/SUPPORT  CFD 
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4%-SCALE  M2.4-7  A/WIND-TUNNEL/SUPPORT  CFD 


MAGGIE  CALCULATED  OVERSET  GRID:  M2.4-7A  MODEUTUNNEL/SUPPORT  CFD 
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MAGGIE  CALCULATED  OVERSET  GRID 

M2.4-7A  Model/TUNNEL/SUPPORT  CFD 
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MAGGIE  CALCULATED  OVERSET  GRID:  M2.4-7A  MODEL/TUNNEL/SUPPORT  CFD 


1912 


MAGGIE  CALCULATED  OVERSET  GRID 

M2.4-7A  Model/TUNNEL/SUPPORT  CFD 
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Joing  Tunnel  Wall  and  Posts 


MAGGIE  CALCULATED  OVERSET  GRID:  M2.4-7A  MODEL/TUNNEL/SUPPORT  CFD 
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MAGGIE  CALCULATED  OVERSET  GRID 

M2.4-7A  ModeimiNNEL/SUPPORT  CFD 
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CFD  PARTICLE  TRACES  OF  4%-SCALE  M2.4-7A  MODEL 
inside  NASA/Ames  12-ft  Tunnel 
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CFD  PARTICLE  TRACES  OF  4%-SCALE  M2.4-7A  MODEL 
inside  NASA/Ames  12— ft  Tunnel 
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CFD  PARTICLE  TRACES  of  4%-SCALE  M2.4-7A  MODEL 

Inside  NASA/Ames  12— ft  Tunnel 
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COMPARISON  OF  FREE-AIR  AND  WIND-TUNNEL 
CFD  SIMULATION  OF  M2.4-7A  CONFIGURATION 
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COMPARISON  OF  FREE-AIR  AND  WIND-TUNNEL 
CFD  SIMULATIONS  OF  M2.4-7A  CONFIGURATION 
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COMPARISON  OF  CHORDWISE  Cp 
between  Free-Air  and  Tunnel  Cases  for  M2.7-7A 
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COMPARISON  OF  CHORDWISE  Cp 

between  Free  Air  and  Tunnel  Cases  for  M2.7-7A 
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COMPARISON  OF  SPANWISE  Cp 
between  Free-Air  and  Tunnel  Cases  for  M2.7-7A 
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COMPARISON  OF  SPANWISE  Cp 

between  Free  Air  and  Tunnel  Cases  for  M2.4-7A 
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COMPARISON  OF  CFL3D  CONVERGENCE  HISTORY 
between  Free-Air  and  Tunnel  Cases  for  M2.7-7A 
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STATISTICS  OF  COMPUTATIONS 
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STATISTICS  OF  COMPUTATIONS 
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CONCLUDING  REMARKS  AND  FUTURE  WORKS 
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RESULTS  OF  A WINGDES2/AER02S  FLAP 
OPTIMIZATION  FOR  THE  TCA 

Steven  F.  Yaros 

Aero-  and  Gas-  Dynamics  Division 
Subsonic  Aerodynamics  Branch 
NASA  Langley  Research  Center 


February  25, 1997 

1 of  14 


NASA  Unglay  Raaao/ch  Confer 
Hampton,  VA  23681-0001 


Steven  F.  Yaros 
Mail  Stop  286 

NASA  Langley  Research  Center 
Hampton,  VA  23681-0001 


757-864-3050 
757-864-8192  (FAX) 
s.f.yaros@larc.nasa.gov 


1933 


■ R • • u i t • of  * W I N G 0 E S 2/ A E R O 2 S F 


1 * P °P,l"'lxi1lon  for  tho  T C A 25Fob97  ■ 
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lad  and  an  Application  to  Optimization;  Carlson,  Harry  W.,  Darden  Christine 
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Subsonic  Aerodynamic  Performance  of  Simple  Hinged-Flap  Systems  for  Thin 
Swept  Wings;  Carlson,  Harry  W.  and  Darden,  Christine  M.;  NASA  TP  2828, 


• Applicability  of  Linearized-Theory  Attached-Flow  Methods  to  Design  and 
Analysis  of  Flap  Systems  at  Low  Speeds  for  Thin  Swept  Wings  with  Sharp 
Leading  Edges;  Carlson,  Harry  W.  and  Darden,  Christine  M.;  NASA  TP  2653, 
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There  are  many  documents  that  describe  the  theory  and 
usage  of  the  linearized-flow  approach  over  the  years.  The 
author  feels  that  the  documents  listed  above  are  chrono- 
logically significant  in  the  history  of  the  development  of 
the  codes,  including  many  successful  optimizations.  The 
first  document  was  found  to  be  especially  interesting, 
since  the  configurations  described  therein  were  similar  to 
the  TCA  configuration.  The  method  used  herein  is  essen- 
tially identical  to  the  method  used  in  that  report.  Many  of 
the  authors  are  still  available  for  consultation,  and  thus 
technical  help  was  easy  to  obtain. 
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Analytical  Background  of  Computer  Codes 

• Two  codes,  WINGDES2  and  AER02S,  based  on 
linear,  attached-flow  theory 

• Nearly-attached  flow  — ► high  aerodynamic  efficiency 

• Estimate  of  attainable  leading-edge  thrust  and 
representation  of  vortex  forces 

• Actual  performance  comparable  to  that  of  a flat  wing 
with  full  leading-edge  thrust 
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The  assumption  is  made  that  a high  level  of  aerodynamic 
efficiency  results  from  a flow  that  is  nearly  as  attached  as 
possible,  minimizing  the  real-world  effects  of  flow  separa- 
tion. 

The  method  includes  an  estimate  of  attainable  leading- 
edge  thrust  and  an  approximate  representation  of  vortex 
forces. 

The  combination  of  attainable  leading-edge  thrust  and 
dustributed  thrust  produces  performance  comparable  to 
that  of  a flat  wing  with  full  leading-edge  thrust. 
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■P  Optimization  for  th«  T C A J5Fab®7  ■ 


WINGDES2 

Mildest  camber  surface  that  will  produce  optimum 
performance 

A design  moment  coefficient”  is  determined  from  an 
initial  “whole-wing  design” 

. Subsequent  runs  are  carried  out  with  flap  areas 
specified 

• Result  is  set  of  flap  deflections  that  approximate  the 
optimum  camber  design 

• Does  not  make  a performance  analysis  based  on  the 
wing  with  deflected  flaps 


The  code  defines  the  mildest  camber  surface  at  specified 
values  of  lift  and  pitching  moment. 

The  whole- wing  design”,  with  no  pitching  moment  con- 
straint, is  used  initially  in  order  to  improve  trailing-edge 
flap  specifications. 
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R • • u I I • of  • WINC0ES2/AERO2S  Flop  Optimization  for  tho  T C A 2 S F • b 9 7 ■ 


AER02S 

• Used  to  estmate  the  aerodynamic  performance  of  the  wing  with 
deflected  flaps 

• Results  are  modified  to  include  attainable  leading-edge  thrust  and 
the  forces  due  to  vortices 

• Measure  of  performance  is  the  Suction  Parameter,  which 
compares  the  drag  of  the  configuration  with  upper  and  lower 
bounds 

C^tin(C^/ )- ACp 
CLun(CL/CLi)-CL2/(KAR) 

• AER02S  runs  are  made  at  a matrix  of  multiples  of  leading-edge 
and  trailing-edge  flap  deflections 

• Optimum  flap  defections  chosen  from  the  maximum  Suction 
Parameter  point  on  a contour  plot  whose  axes  are  the  multiples  of 
the  nominal  flap  deflections 
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The  forces  due  to  vortices  are  produced  by  leading-edge 
flow  separation. 

The  upper  bound  of  the  Suction  Parameter  is  the  drag  of  a 
flat  wing  with  no  leading-edge  thrust  and  no  vortex  force. 
The  lower  bound  is  the  drag  of  a wing  with  an  elliptical 
spanwise  load  distribution  and  full  leading-edge  thrust. 
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INPUT  DATA 

• Data  for  both  codes  were  obtained  from  LaRC  data  files  that  were 
extracted  from  Boeing  data  generated  during  lofting 

sfy  24may96  020  TCA-6  Flopt  01  CIdes=0.5,  Cmdes=-0.0141 
$INPT1 

NPLOT=l,  PFILE=’wdes_020.xyp’,  ELAR=1., 

XM=. 35,  JBYMAX=18,  CLDES=0.50,  CMDES=-0.0141,  IPRSLD=0,  IVOROP=l, 
RN=210„  IEMPCR  = 0,  CBAR=  94.952,  XMC=190.38,  NGCS=0,  IFLPDES  = I, 
NLEY=20,  NTEY=20,  XMAX=  247.4100,  SREF=  8500.0000,  NYC=20, 
NPCTC=20,  NYR=20, 

TBLEY=  0.0000,  1.6400,  3.2810,  5.6660,  5.6670,  7.3750,  9.8330, 
15.4840,  17.0920,  19.6890,  22.9710,  26.2520,  29.5340,  30.8580,  35.7900, 


NASA  Langtoy  R*M«rcft  Cam* 
Hampcn,  VA  23681-0001 
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Thanks  to  Lori  Ozoroski,  NASA  Langley  Research  Cen- 
ter, for  providing  the  data  files  for  both  the  WINGDES2 
and  AER02S  codes.  The  automatic  production  of  the  data 
files  during  lofting  computations  saved  a great  deal  of 
tedious  data  extraction  and  specification. 
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■ Result*  of  a W i N G 0 E S 2 / A E R O 2 S Flap  Optimization  lor  tha  TCA  25Fab97  ■ 


The  numbering  system  of  the  flaps  has  occasionally  var- 
ied. The  system  shown  above  will  be  used  in  this  paper, 
along  with  an  extended  version  of  it  for  the  full-span  flaps. 
Identical  flap  numbers  will  be  differentiated  by  specifying 
“leading-edge”  or  “trailing-edge”. 
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of  a W I N G 0 E S 2 / A E R 0 2 S FI 


■ p Optimization  for  tha  TC  A 25Fab97  ■ 


Optimized  Distribution  of  Part-Span  Flaps 
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The  upper  curves  correspond  to  the  left-hand-side  axis, 
and  the  lower  curves  to  the  right-hand-side  axis. 

Since  the  span  of  the  wing  is  divided  into  a finite  number 
of  strips  for  the  flap  analysis,  strips  that  include  non-flap 
areas  show  their  chord  lengths  reduced  accordingly. 

The  flaps  angles  are  measured  in  the  stream  wise  direction. 
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■ Results  of  ■ W I N G D E S 2 / A E R O 2 S Flap  Optimization  lor  Iht  T C A 2$F«b»7  ■ 


Flap  Deflection  Schedule  Used  in  AER02S 
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NASA  Langter  FtttMasch  C*n*tr 
Hampon,  VA  23661 -0001 


The  average  value  of  flap  deflection  was  calculated  and 
specified  as  the  nominal  value  for  that  flap.  Flap  deflec- 
tions are  still  specified  in  the  streamwise  direction. 
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Suction  Parameter  Contours 


10  of  14 


NASA  Lang  by  C«fH*r 

Hampton.  VA  23881 -0001 


The  nominal  values  of  the  flap  deflections  are  multiplied 
as  TE  and  LE  groups  by  weighting  factors  ranging  from  0 

to  3 (for  this  configuration)  to  obtain  deflection  ratios  8y^. 

^ le * resulting  Suction  Parameters  are  plotted 

against  these  ratios.  An  optimum  Suction  Parameter  is 
apparent  near  S^.  = 2 and  = 0.75.  Also  plotted  are 

angle  of  attack  and  pitching  moment  coefficient. 

The  large  number  of  individual  calculations  were  carried 
out  in  a day  or  two,  as  AER02S  ran  very  quickly  on  our 
mainframes. 
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■ Result*  of  a W I N G D E S 2 / A E R 0 2 S Ftap  Optimization  for  tho  T C A 25F«b97  ■ 


NASA  Langiay  Raaaaich  C «nnr 
Hampton,  VA  23681-0001 


A second  configuration  was  analyzed,  the  full-flap  config- 
uration, in  which  LE  flap  3 is  made  a full  flap,  and  LE 
flaps  1 and  2 are  added.  All  of  the  leading-edge  flap  deflec- 
tions were  then  re-optimized,  as  were  the  trailing-edge  flap 
deflections.  The  trailing-edge  flap  configuration  remained 
the  same  in  extent. 
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Optimized  Distribution  of  Full-Span  Flaps 
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NASA  Langley  R«M«fch  Cara* 
Hampton.  VA  236814001 


The  resulting  optimized  distribution  is  very  similar  to  the 
part-span  flaps.  Likewise,  the  ratioing  of  the  deflections 
and  optimization  of  the  Suction  Parameter  resulted  in  sim- 
ilar numbers. 
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■ R • • u I l • of  • W I N G D E S 2 / A E R O 2 S Flop  Optimization  for  th  • TCA  25F«b97  ■ 


Application  of  Results  to  TCA 

• Average  deflection  for  each  flap  was  calculated 

• Streamwise  deflection  values  changed  to  values  normal  to  the 
hinge  line  of  the  flap  using 

• Flap  values  rounded  to  the 


Final  Flap  Deflection  Values  (degrees) 
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NASA  lanptoy  Rawvtt)  C*rmr 
Hampton,  VA  230814)001 


The  final  flap  deflection  schedule,  after  reference  to  the 
local  hinge  lines  of  the  flaps,  indicates  a great  deal  of  sim- 
ilarity between  the  part-span  and  the  full-span  distribu- 
tions. The  Suction  Parameters  obtained  were  also  very 
similar  in  value.  Values  compare  very  reasonably  with  pre- 
vious flap  deflection  schedules  derived  by  other  means. 
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■ R • • u I l a of  • WINGDES2/AER02S  FI 


■ P Optimization  for  lh«  TCA  2 5 F • b 9 7 ■ 


Conclusions  and  Comments 


• The  codes  WINGDES2  and  AER02S  were  easy  to  obtain, 
and  technical  help  was  readily  available 

• The  codes  have  a long,  well-documented  history  of 
successful  optimizations  of  various  aircraft  configurations 

• The  codes  were  easy  to  use,  although  specification  of  input 
data  was  time-consuming 

• Run  times  were  short,  allowing  the  many  runs  necessary 
for  the  Suction  Parameter  matrix  to  be  accomplished  within 
a day  or  two 

• Results  of  the  optimization  appear  to  be  reasonable 
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Flow  Simulation  About  A High-Lift  High  Speed  Civil 

Transport  Using  TetrUSS 

1997  AP  High  Lift  Workshop 


by 

Victor  Lessard 
Vigyan,  Inc. 


OutLine 


r 


^ Description  of  TetrUSS 

-Grid  generation 
-Flow  Solver 
-Postprocessing 

& TetrUSS  Euler  application  to  TCA  High-Lift  configurations 

-Grid  study 

-Flap  effectiveness  study 

^ TetrUSS  viscous  application  to  TCA  configurations 
Baseline 
-Grid  generation 
-Near  wall  grid  spacing  study 
-Comparison  to  structured  grid  N-S  solution  and  LaRC  16  FT  data. 

High-Lift-30/10  configuration 

-Grid  generation  (modified  TE  flap  geometry) 

-Viscous  solution  (hopefully) 

^ 

v.r.lcssard@larc.nasa.gov  ” 
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Tertrahedral  Unstructured  Software  System 

TetrUSS 

(1996  NASA  Software  of  the  year) 

4 Geometry  Setup:  GRIDTOOL  -developed  by  Dr.  J.A.  Samareh  (CSC) 

-interactive  program  for  defining  surface  from  CAD  and  point  data 
-surface  projection  method  for  assuring  that  triangles  lie  on  the  surface 

^ Grid  Generator:  V GRID -developed  by  Dr.  Shahayar  Pirzadeh  (ViGYAN,  Inc.) 

-triangular  surface  and  tetrahedral  volume  grid  by  advancing  front  method 
-viscous  grids  generated  both  advancing  layer  and  front  technology 

4^)  Flow  Solver:  USM3D  -USM3D  developed  by  Dr.  Neal  T.  Frink  (NASA  LaRC) 

-tetrahedral  cell-centered,  finite  volume,  RFDS  and  VLFVS 
-2nd  order  accurate  spatial  reconstruction 
-Spalart-Allmaras  turbulence  model  with  wall  function 

4>  Analyzing  Solutions:  VPLOT3D  -developed  by  Dr.  PareshParikh 
-interactively  display  grid  and  flow  solution 
-particle  traces,  vectors  and  surface  data  probing  and  more 

-TECPLOT  and  FAST  can  be  used  as  well 

J 

v.r.lessard@larc.nasa.gov 


TeTrUSS  refers  to  the  Tetrahedral  Unstructured  Software  System.  This  system  was  devel- 
oped at  NASA  Langley  with  the  collaboration  of  several  local  contractors.  TeTrUSS  won 
the  1996  NASA  software  of  the  year  award.  It  is  made  up  of  four  main  codes.  They  are 
GRIDTOOL,  VGRID/POSTGRID,  USM3D  and  VPLOT3D. 
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TetrUSS  Euler  Application  to  TCA  High-Lift 

Configurations 


^ Objective 


-Perform  a flap  effectiveness  study  to  support  upcoming  wind  tunnel  test  in  the 
14x22  Foot  Tunnel  in  March 


v.r.le5sard@larc.nasa.gov 
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TCA  High-Lift  Configuration 
Flap  Settings  Studied 


v.r.lessard@larc.nasa.gov 


Unstructured  grid  Euler  calculations  are  done  for  five  TCA  high-lift  configurations.  The 
table  shows  the  leading-  and  trailing-edge  flap  settings  for  the  five  configurations  given  the 
naming  convention  TCA-1  through  TCA-5.  Note,  the  naming  convention  is  different  than 
for  the  wind  tunnel  configurations  which  have  similar  nomenclature.  The  sketch  shows 
the  locations  of  the  flaps. 
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TCA-I  Unstructured  Euler  Grid 


Grid  generated  using  VGRID 


This  figure  shows  the  features  of  the  unstructured  Euler  grid  for  TCA-1  high-lift  configu- 
ration. This  grid  is  typical  of  all  the  high-lift  configurations  grids.  The  red  triangles  lie  on 
the  symmetry  plane.  A close  up  view  in  the  right  lower  comer  shows  the  details  of  the  sur- 
face triangles  at  the  trailing-edge  in  the  vicinity  of  the  segmented  flaps. 
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TCA- 1 Configuration  Grid  Refinement  Study 


Coarse  Grid 
660.803  cells 
41.486  bndry  faces 
109  MW  memory 


Kuler  Grids 


Medium  Grid 
887,010  cells 
49,698  bndry  faces 
1 47  MW  memory 


1'ine  Grid 
1.236.752  cells 
61,848  bndry  faces 
205  MW  memory 


Grids  generated  using  VGRID 


Euler  calculations  for  TCA- 1 high-lift  configuration  were  done  on  three  grids  to  access  the 

rtlfvir' T®  Ttf  qUa  “y  °f  the  SOlution-  Tllis  fi«ure  shows  the  surface  triangulations  in 
ini  y o the  segmented  trailing-edge  flaps  for  three  grids.  They  are  the  coarse 

fidS'  ^ t0taI  numberof  tetrahedral  cells  range  from  0.66  million  to 

on  to  mn  USMfnT  n T ‘°  fi"e  ^ 7,16  amount  resources  in  terms  of  mem- 

coarse  and  fine  grid  C^y™86'  fr°m  ^ me8aW°r<1S  ‘°  ^ megaW°rdS  the 
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TCA- 1 Configuration  Grid  Convergence  Study 


e 

:? 

o 

X 
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USM3D-Fuiler 
M=0.24.  «=8 ' 


5.57  tev>Fme 

2 4 hrs->Med 
l Ytf  hrs ->  Coarse 

■ i i 


GRID 


CFL  # : 50  ->  150  Coarse  and  Medium  ( trills 
10  ->  150  Fine 


This  figure  shows  the  solutions  convergence  history  for  the  TCA-1  high-lift  configuration 
on  the  three  grids;  the  coarse,  medium  and  fine.  The  convergence  rate  for  the  coarse  and 
medium  grids  are  nearly  the  same  where  there  is  a drop  of  three  orders  of  magnitude  for 
the  residual  (r/ro)  within  approximately  300  iterations.  The  fine  grid  took  almost  2 times 
the  number  of  iterations  to  reach  the  same  level  of  residual.  The  bar  chart  shows  the  dif- 
ferences in  C-90  run  times  between  the  three  grids.  The  lift  and  pitching  moment  coeffi- 
cients history  curves  show  the  state  of  the  converged  solutions  as  well.  From  this  study  of 
the  convergence  history  curves  it  can  be  seen  that  there  is  a definite  advantage  if  the  results 
from  the  coarse  or  medium  grid  are  good  enough. 
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TCA- 1 Unstructured  Grid  Refinement  Study 

USM3D-Euler 


Predicted  pressure  coefficients  for  the  coarse,  medium  and  fine  grid  of  the  TCA-1  high-lift 
configuration  is  shown  at  4 constant  spanwise  stations.  The  flow  conditions  are  M=0.24 
and  an  angle-of-attack  (AOA)  of  8 degrees.  The  pressure  coefficients  are  essentially  the 
same  for  the  three  grids  with  the  exceptions  at  the  leading-edge  flap  hinge-line  where  the 
more  fine  grid  produces  the  higher  suction  peaks. 
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TCA- 1 Configuration  Grid  Refinement  Study 

USM3D-Euler 

M=0.24 


C~  = pressure  drag  coefficient 

e Fine 

- -a — Medium 


As  part  of  the  grid  refinement  study  the  predicted  lift,  pressure  drag,  and  pitching  moment 
coefficients  are  presented  for  AO  As  of  8 and  10  degrees  for  the  coarse,  medium  and  fine 
grids  of  the  TCA-1  high-lift  configuration.  As  suspected  from  the  surface  pressures  plots 
of  the  previous  page,  the  integrated  lift  for  the  three  grids  are  very  close  where  the  fine 
grid  lift  is  the  greatest.  The  integrated  pressure  drag  decrease  with  increase  in  grid  refine- 
ment and  appears  to  be  approaching  a grid  convergence.  However,  the  pitching  moment  is 
increasing  in  the  negative  sense  at  a geometric  rate  with  each  grid  refinement.  Further  grid 
refinement  is  needed  to  obtain  a true  grid  refinement. 
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TCA  High-Lift  Configurations  Euler  Calc. 


Under  the  assumption  that  the  fine  grid  of  the  TCA-1  high-lift  configuration  was  suffi- 
cient, Euler  calculations  for  the  other  four  TCA  flap  setting  (TCA-2,3,4,5)  were  done  for 
grids  of  comparable  densities.  Upperwing  surface  pressures  results  for  the  five  high-lift 
configurations  are  shown  on  this  page  and  the  next  page.  The  flow  conditions  are  M— 0.24 
and  an  AOA  of  12  degrees.  Differences  in  the  surface  pressure  can  be  seen  due  to  the  dif- 
ferent leading-  and  trailing-edge  flaps  deflections.  Most  notable  differences  can  be  seen 
between  the  TCA- 1 flap  setting  where  the  entire  leading  edge  is  deflected  at  30  degrees 
and  the  other  configurations  where  the  flaps  1 and  2 are  undeflected.  The  TCA-5  configu- 
rations shows  the  greatest  wing  loading  on  the  outboard  wing  section.  This  is  due  to  the 
increase  in  flow  circulation  caused  by  the  trailing-edge  flap  3 deflected  at  20  degrees.  This 
outboard  loading  is  expected  to  over  predicted  because  the  Euler  calculations  cannot  pre- 
dict the  trailing-edge  separation  on  the  outboard  flap. 
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TCA  High-Lift  Configurations  Euler  Calc. 

USM3J)-f*ulcr.  M=0  24.  u=l  2 
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Predicted  Forces  and  Moments  of  High-Lift  TCA  Flap  Configurations 

USM3D-Euler  Results 
M=0.24 


a a 


The  predicted  lift  and  pitching  moment  coefficients  and  their  deltas  between  the  different 
configurations  are  plotted  verses  AOA  in  this  figure.  The  TCA-2  configuration  is  used  as 
the  reference  point  for  computing  the  deltas.  TCA-2  configuration  produced  more  lift 
than  the  TCA- 1,3, 4 configurations.  The  solution  for  the  TCA-1  configuration  at  AOA  of 
14  degrees  did  not  converge  but  is  shown  for  completeness.  The  TCA-5  configuration 
produced  the  greatest  lift  over  the  AOA  range  and  this  is  due  the  outboard  flap  being  ■ 
deflected  at  20  degrees.  The  exact  increase  in  lift  should  be  taken  lightly  because  the 
Euler  calculations  cannot  predict  trailing-edge  flow  separation.  The  pitching  moment  for 
TCA-1  through  TCA-4  configurations  were  similar  while  the  TCA-5  configuration  has  a 
dramatic  increase  in  the  negative  sense  because  of  the  outboard  wing  loading  being  behind 
the  moment  reference  location. 


TetrUSS  Viscous  Application  To  TCA  Baseline 

Configuration 


^ Objective 

-Evaluate  the  TetrUSS  viscous  technology  for  wing/body  TCA  baseline  configu 
ration 

-In  the  process,  evaluate  effects  of  near  wall  grid  spacing  on  the  solution  using 
the  Spalart-Allmaras  turbulence  model  and  the  Spalding  wall  function 


v.r.lcssard@larc.nasa.gov 


TCA  Baseline  Configuration  Unstructured 

Viscous  Grid 


l.IlM).95l  cells  440.K35  viscous  cells  40.918  boundary  triangles 


Generated  using  VGRID 


A typical  viscous  unstructured  grid  for  the  TCA  baseline  configuration  is  shown  where  the 
red  lines  are  on  the  symmetry  plane.  The  viscous  layer  which  was  generated  by  the 
advancing  layer  method  can  be  seen  on  the  symmetry  plane  near  the  surface.  A close-up 
view  of  the  leading  edge  is  shown  in  the  left  lower  comer  of  the  figure.  Anisotropic 
stretching  of  the  surface  triangles  is  done  to  reduce  the  number  of  surface  and  volume 
points  in  the  grid. 
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Thin-Layer  Tetrahedral  Grids 


r 


"\ 

i 

i 


1 prism  cell  (or  1 node)  = 3 tetrahedral  cells  in  viscous  layer 


v 

vTJcssard@1arc.nasa.gov 


The  unstructured  viscous  layers  are  generated  by  projecting  the  surface  triangles  approxi- 
mately normal  to  the  surface,  and  thus,  producing  a prism  cell.  The  prism  cell  is  then 
divided  into  three  tetrahedral  cells.  Hence,  for  a single  prism  cell  (or  grid  node)  off  the 
surface  there  are  three  viscous  tetrahedral  cells.  To  study  the  effects  of  near  wall  grid  point 
spacing  on  the  Navier-Stokes  solutions  using  the  Spalart-Allmaras  turbulence  model  with 
the  wall  function  4 different  grids  with  different  wall  spacing  and  nodes  was  generated. 
The  wall  spacing  and  number  of  nodes  are  listed  in  the  table. 
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Typical  USM3D-Viscous  Solution  Convergence 
History  For  TCA  Baseline  Configuration 

M=0.24,  Rn=8  million,  a=6.94 


Grid  Info. 

1,1 90,957 cells 
440,835  viscous  cells 
40,91 8 boundary  face 


CFL  #:  50  ->  1 50  first  200  iter. 
150  201 ->  900  iter. 


A typical  USM3D-viscous  solution  convergence  history  curve  for  the  TCA  baseline  con- 
figuration is  shown  in  this  figure.  This  figure  shows  that  the  residual  reduced  approxi- 
mately 3.5  order  of  magnitude  in  about  900  iterations.  The  total  C-90  run  time  was 
approximately  1 1.3  hours.  The  lift  and  pitching  moment  convergence  history  curves  are 
also  shown. 


1963 


TCA  BASELINE  CONFIGURATION 
M=0.24,  Re=8  million,  a=8.0° 

USM3D->  Spalding  Wall  Func.  + 
Spalart-Allmaras  Turb. 

CFL3D  ->  Spalart-Allmaras  Turb. 

USM3D-y*=50  grid,  6-pts. 

USM3D-y*=30  grid,  6-pts. 

USM3D-y*=15  grid.  6-pts 

USM3D-y'=15  grid,  8-pts. 

CFL3D 


Predicted  surface  pressure  coefficients  for  the  near  wall  grid  spacing  study  are  compared. 
The  flow  conditions  are  M=0.24,  Re=8  million  and  AOA  of  8 degrees.  Results  from  a 
structured  grid  CFL3D  solution  is  shown  for  comparison  purposes  as  well.  Comparsions 
are  similar  to  the  AOA  case  of  6.94  degrees. 
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TCA  BASELINE  CONFIGURATION 


M=0.24,  Re=8  million,  a=6.94c 

USM3D->  Spalding  Wall  Func.  + 
Spalart-Allmaras  Turb. 

CFL3D  ->  Spalart-Allmaras  Turb. 

USM3D-y*=50  grid-6  points 

USM3D-y+=30  grid-6  points 

USM3D-y+=1 5 grid-6  points 

USM3D-y*=15  grid-8  points 

USM3D-y+=1 5 grid-6  points, 

adapted  to  vortices 

CFL3D 

□ Experiment  (LARC  16  FT) 


Predicted  surface  pressure  coefficients  for  the  near  wall  grid  spacing  study  are  compared 
with  LaRC  16  Foot  experimental  data  for  five  constant  spanwise  locations.  The  flow  con- 
ditions are  M=0.24,  Re=8  million  and  AOA  of  6.94  degrees.  Results  from  a structured 
grid  CFL3D  solution  is  shown  for  comparison  purposes.  In  general,  the  different  wall 
spacings  and  number  of  viscous  nodes  of  the  unstructured  grids  produced  similar  results. 
The  unstructured  viscous  calculations  of  the  different  grids  captured  the  inboard  and  out- 
board vortices  in  essentially  the  same  locations  noted  by  the  suction  peaks.  Although,  the 
suction  peaks  varied  slightly  with  the  near  wall  spacings.  The  results  y+=15  grid  and 
y+=30  grid  is  thought  to  be  better  than  that  of  the  y+=50  grid.  Higher  suction  peaks  are 
achieved  by  adapting  the  y+=15  grid  with  6 nodes  to  the  vortices. 
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[tca  baseline  configuration 


This  figure  shows  predicted  total  pressures  contours  off  the  surface  and  particles  traces 
following  the  inboard  and  outboard  vortices  for  the  baseline  TCA  configuration.  The  flow 
conditions  are  M— 0.24,  Rn=  8 million,  AOA=6.94  degrees.  The  unstructured  viscous  grid 
that  the  solution  was  obtained  on  was  the  y+=15  grid  with  6 boundary  layer  nodes. 
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Force  and  Moments  for  the  TCA  Baseline  Configuration  Near 

Wall  Spacing  Study 

M=0.24,  Re=8  million 


a 

CL 

CDf 

CM 

Comments 

6.94 

0.25477 

0.030308 

0.008788 

0.011805 

USM3D-y+=50,  6-pis 

6.94 

0.25551 

0.031708 

0.009863 

0.012233 

USM3D-y+=30, 6-pis 

6.94 

0.25584 

0.030521 

0.008826 

0.011631 

USM3D-y+=15, 6-pis 

.6.94 

0.25573 

0.031564 

0.009927 

0.012053 

USM3D-y+=15, 8-pts 

6.94 

0.25653 

0.030307 

0.008687 

0.011876 

USM3D-y+=15, 6=pts, 
adapted  grid  to  vortices 

6.94 

0.24112 

0.028977 

0.010117 

0.015388 

CFL3D 

6.90 

0.24647 

0.028210 

********** 

0.012743 

Experimem  (M=0.30) 

reference  center:  based  on  50%  MAC 
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Predicted  forces  and  moments  for  the  unstructured  viscous  grids  are  compared  with  LaRC 
16  Foot  experimental  data  and  the  structured  CFL3D  results  for  the  TCA  baseline  config- 
uration. The  flow  conditions  are  M=0.24,  Re=8  million  and  A0A=8  degrees.  Overall  the 
unstructured  viscous  grids  lift  and  drag  coefficients  were  overpredicted.  The  predicted 
pitching  moments  compared  well  with  experiment  and  was  better  than  the  CFL3D  results. 
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TetrUSS  Viscous  Application  To  TCA  High-Lift  (30/10) 

Configuration 


Objective 


-Evaluate  the  TetrUSS  viscous  technology  for  TCA  high-lift  configuration 
-Overcome  the  viscous  unstructured  grid  obstacle  for  simple  segmented  flaps 


r.lessard@larc.nasa.gov 
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l_4g3.SU  cells  512.974  viscous  cells  46.512  boundary  mangles  Generated  using  V(iKII) 


The  unstructured  viscous  grid  for  the  TCA  (30/10)  high-lift  configuration  is  shown.  This 
configuration  is  the  same  as  the  TCA-2  configuration  used  in  the  Euler  calculations.  The 
viscous  layer  is  seen  on  the  red  symmetry  plane  near  the  fuselage.  The  grid  contains  1.5 
million  cells  with  approximately  513  thousand  of  those  cells  in  the  boundary  layer. 


TCA  High-Lift  Configuration  Unstructured 

Viscous  Grid 


A close-up  view  of  the  trailing-edge  segmented  flaps  with  a geometry  modification  is 
shown  in  this  figure.  The  geometry  modification  is  shown  within  the  green  lines  near  the 
intersection  point  between  the  undeflected  trailing-edge  surface  and  the  flap.  This  was 
done  to  remove  the  singular  point  for  growing  the  viscous  layer.  This  modification  is  local 
and  is  believe  to  have  little  effect  on  the  global  results. 
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TCA  High-Lift  Configuration  Unstructured 

Viscous  Grid 


One  of  the  strengths  of  unstructured  grid  is  that  more  details  in  the  geometry  can  be  mod- 
eled more  easily.  For  example,  this  figure  shows  the  forward  facing  step  generated  when 
the  leading-edge  flap  3 is  deflected  30  degrees.  The  edge  of  the  flap  is  very  difficult  to 
model  with  structured  grid  technology  but  is  fairly  simple  with  unstructured  grid  methods. 
In  fact,  most  structured  grids  would  be  generated  by  smoothing  this  step  between  the  sur- 
faces. 
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TCA  High-Lift  Configuration  Convergence  History 

5^=30°,  5tc=10°  J 

M=0.24,  Rn=8  million,  a=10° 


The  convergence  history  for  the  TCA  (30/10)  high-lift  configuration  calculation  at 
AOA-10  degrees  is  shown.  Currently  the  solution  is  not  converged  and  is  being  run  more 


1972 


TCA  (30/10)  High-Lift  Configuration 

USM3D- viscous 


M=0  24,  Rn=8  million,  «=!()’ 


Surface  pressure  contours  of  the  high-lift  TCA  configuration  for  the  unconverged  solution 
at  AOA=10  degrees  is  shown  in  this  figure.  Because  the  solution  is  not  converged  no  sig- 
nificant information  can  be  obtained  from  this  plot. 
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Conclusions 


r 


- TetrUSS  unstructured  grid  generation  for  both  Euler  and  viscous  calculations  of 
nigh- lift  HSR  configurations  is  both  fast  and  straight  forward. 

- The  flap  effectiveness  study  shows  the  potential  of  using  unstructured  Euler  calcula- 
tions as  a part  of  the  preliminary  design  process. 

- USM3D  viscous  calculations  on  the  baseline  TCA  configuration  compared  well 
with  the  limited  experimental  data. 

- USM3D  has  the  potential  of  handling  complex  viscous  flow  fields. 


v.r.lcssard@larc.nasa.gov 
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HSR  H-L  CFD 


1975 


Objective 

Solve  the  viscous  subsonic  flowfield  for  the  high-lift  RefH 
configuration  and  determine  the  ability  of  an  existing 
structured  Navier-Stokes  code  to  accurately  predict  this  flow 

Outline 

• Grids 

• Flow  solver 

• Results 

- Convergence  and  resources  used 

- Force  and  moment  comparisons 

- Pressure  data  correlations 

— Off-surface  and  surface  flow  viz 
Conclusions 


HSR  H-L  CFD 


The  objective  of  this  study  is  to  calibrate  a Navier-Stokes  code  for  a high-lift 
Reference  H configuration  using  structured  grids. 

The  outline  of  this  presentation  will  first  include  a brief  description  of  the  grids 
used  and  the  flow  solver.  Next  the  results  will  be  presented  in  terms  of 
convergence  and  resources  used  on  the  C-90.  Predicted  force  and  moment  and 
surface  pressure  results  are  compared  to  experiment  and  off-  and  on-surface  flow 
viz  is  discussed. 

Concluding  remarks  follow. 
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GRIDS 


Three  grids  were  generated  of  the  high-lift  (5LE  = 30°/  5TE  = 10O) 
Reference  H config  by  Langley’s  Geometry  Lab 


Geometry 

Blocks 

GridPts 

Patched 

Pt-Pt 

w/b 

14 

3,988,514 

2 

23 

w/b/n/ht 

37 

4,595,343 

38 

83 

w/b/n/emp 

74 

7,085,708 

96 

163 

HSR  H-L  CFD 


GEOLAB  generated  three  RefH  high-lift  configurations,  which  are  shown  in  the 
table.  The  leading-  and  trailing-edge  flaps  were  deflected  30°  and  10°, 
respectively.  (All  the  leading-edge  flaps  were  down).  The  full-span  configuration 
was  generated  for  side-slip  calculations,  and  this  grid  was  actually  a coarsened 
version  of  config2  (with  the  vertical  tail  attached)  and  mirrored  to  the  other  side. 


1977 


RefVreiKT  II  Block  Details  Around  Trailm^-I' dgc 
Maps  and  Nacelles 


A close-up  view  of  the  high-lift  RefH  grid  is  shown  in  this  figure,  which  details  the 
complex  blocking  structure  around  the  nacelles.  An  additional  23  blocks  were 
added  to  the  wing/body  case  in  order  to  model  the  nacelles. 


1979 


Flow  through  region 


This  figure  highlights  the  surface  grids  on  the  RefH  trailing-edge  flaps  and  the 
gridding  strategy  used  to  model  the  sides  of  the  flap  regions.  As  shown  in  the 
insert,  two  small  triangular  grids  were  generated  which  model  the  sides  of  the  flap 
walls.  And  the  middle  triangular  region  simulated  flow  through,  which  maintained 
point-to-point  matching  across  the  interface. 
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CFL3D 


• Solves  the  time-dependent  Reynolds-averaged  Navier- 
Stokes  equations  on  structured  grids. 

• Multigrid  and  mesh  sequencing  for  convergence 
acceleration. 

• Baldwin-Lomax  with  Degani-Schiff  turbulence  model. 

• Multitasked  for  use  on  several  processors  with  an  average 
speed-up  time  of  1.5. 


HSR  H-L  CFD 


The  slide  is  self-explanatory 
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RESOURCE  REQUIREMENTS 


All  cases  were  run  on  the  C-90  at  NAS 


Alias 

RefhH  Geom 

Cases 

Memory 

ESTdrrn 

config  1 

w/b 

a=6,8,10,12,15 

170  mw 

15  hrs 

config2 

w/b/nac/htail 

<x=8,10,12 

180  mw 

18  hrs 

config3 

w/b/nac/emp 

full-span 

a=8 

3=0,6,12,18 

260  mw 

25  hrs 

HSRH-LCFD 


The  resource  requirements  using  CFL3D  on  the  C-90  at  NAS  are  shown  in  the 
following  table,  which  summarizes  the  memory  required  and  the  average  run  time 
for  all  the  cases  considered. 
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Convergence  Characteristics  for  H-L  Reference  H,  w/b/n/htai!  at  a = 10° 

M = 0.24,  Re  = 8 mil 


Convergence  Characteristics  for  H-L  Reference  H,  w/b/n/emp  at  a = 8°,  p = 1 2° 


Residual  and  lift  histories  for  the  config2  case  at  a = 10°  and  the  full-span  config3 
case  at  a = 8°  and  [3  = 12°,  M = 0.24  and  Re  = 8.0  million.  Both  show 
approximately  3.5  order  reduction  in  residual  magnitude  with  negligible 
oscillations  in  CL 
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Forces  and  Moments  for  Reference  H w/b 

M = 0.24,  Re  = 8 mil 


a 


This  figure  shows  the  predicted  forces  and  moments  compared  to  experiment  for 
config  1 . which  it  the  RefH  high-lift  wing/body  configuration.  Good  correlations 
are  seen,  though  there  is  some  overprediction  of  the  lift  and  drag.  The  pitching 
moment  trend  is  good  but  questionable  a = 6°. 
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Reference  H Cp  Comparisons  at  a = 6C 
M = 0.24,  Re  = 8 mil 


y - 8.25* 


y = 17.2" 


0.6  0.8  1.0 


y = 28.90* 


y - 34.52" 


The  predicted  chordwise  pressure  distributions  extracted  from 
the  solution  shown  on  the  previous  slide  are  compared  to 
experiment  and  show  very  good  correlation. 


Total  pressure  contours  are  plotted  in  six  crossflow  planes  at  a = 6 lor  the  Relit 
wing/body  configuration.  In  general,  the  flow  on  the  wing  is  attached  except  for  a 
small  inboard  vortex,  which  emanates  from  the  apex  of  the  wing. 
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Toial  pressure  contours  are  plotted  in  six  crossflow  planes  al  a = I O'1  for  the  Kclh 
wine/bodv  configuration.  Another  vortex  has  formed  outboard  ol  the  apex  voitex. 
and  this  elongated  vortex  emanates  from  the  leading-edge  hingelme.  A weak  crank 
\oHex  has  developed  and  appears  conlined  to  the  leading-edge  Map  legion  as  it 
propagates  downstream.  A tuselage  vortex  has  also  loimed. 
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Reference  H Cp  Comparisons  at  a = 1 0° 
M = 0.24,  Re  = 8 mil 


y = 8 25" 


y = 17.2" 


y - 28.90 


y = 34.52" 


The  predicted  chordwise  pressure  distributions  extracted  from 
the  solution  shown  on  the  previous  slide  are  compared  to 
experiment  and  again  show  good  correlation,  though  some 
discrepancies  are  seen  on  the  trailing-edge  flap  at  y = 34.52" 


Total  pressure  contours  are  plotted  in  six  crossflow  planes  at  « = l-s  ' lor  the  Kelli 
wine/borK  configuration.  A very  complicated  vortical  flow  pattern  has  developed, 
and  all  the  vortices  that  were  present  for  the  a = 10"  ease  have  increased  in  si/.e 
and  strength.  The  crank  vortex  merges  with  a leading  edge  vortex  which  develops 
Hist  upstream  of  the  crank.  This  combined  vortex  moves  inboard  onto  the  wing  as 
it  travels  downstream  w here  it  begins  to  dissipate  near  the  trailing  edge. 
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Reference  H Cp  Comparisons  at  a = 15° 

M = 0.24,  Re  = 8 mil 


The  predicted  chordwise  pressure  distributions  extracted  from 
the  solution  shown  on  the  previous  slide  are  compared  to 
experiment  and  correlate  well  for  the  first  two  chordwise 
stations.  However  due  to  the  massive  flow  separation  on  the 
outboard  of  the  wing,  the  predicted  pressure  distributions 
show  poor  comparisons.  Note  in  particular  the  decrease  in 
the  predicted  suction  peak  values  at  the  leading-edge. 
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Forces  and  Moments  for  Reference  H w/b/nac/htail 

M = 0.24,  Re  = 8 mil 


1 4f 
12  - 

1.0  - 
0.8  - 
r 0.6: 
0.4  : 
0.2  - 
0.0  - 


O Experiment 
— CFD 


-0.2 


-0.4 


-5 


10  15 


a,  deg 


» j .... i . ... j 

20  25  30 


This  figure  shows  the  predicted  forces  and  moments  compared  to  experiment  for 
config2.  which  is  the  RefH  high-lift  wing/body/nac/htail  configuration.  Very  good 
correlations  are  seen.  Since  the  surface  pressure  distributions  were  similar  for  both 
contigl  and  config2,  no  Cp  comparisons  are  shown  for  config2.  Off-surface 
contours  on  the  wing  were  also  similar  for  both  cases,  though  some  differences  are 
noted  in  the  wake  resion. 


1991 


Full  Span  RefH  30°/10°  Surface  Grid 

w/b/nac/emp 


/ 


mm 


m 


mmm, 


«r,. 


.,-£3^6 
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ll;  vJfek  ’•" 
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The  full-span  Reference  H (30/10)  wing/body/nacelle/empennage  surface  srid  is 
shown  here.  This  grid  contains  over  7.0  million  points  and  has  74  blocks.  ^Lateral 
performance  calculations  were  made  using  this  grid  at  a = 8°  and  8 = 0°  6°  12° 
and  15°.  " ’ 


Forces  and  Moments  for  RefH  w/b/nac/emp 
M = 0.24,  Re  = 8 mil 

o Experiment  °-5 * * * * 10r 


10  15  20  25  30 


10  15  20  25  30 


5 10  15  20  25  30 


10  15  20  25  30 


5 10  15  20  25  30 


10  15  20  25  30 


The  computed  forces  and  moments  for  the  full-span  RefH 
configuration  obtained  at  a sideslip  angle  of  12°  and  at  a = 8 

are  compared  to  experiment.  The  lateral  performance  trends 

are  well  predicted,  though  the  point  values  tend  to  deviate 

more  than  the  previous  cases.  This  could  be  due  to  the 

coarseness  of  the  grid. 


Surface  pressure  contours  for  the  upper  and  lower  surfaces  of  the  RefH  at  a 12° 
sideslip  angle  are  shown.  Note  the  higher  loading  of  the  right  wing,  which  is 
characterized  by  higher  suction  peaks  compared  to  the  left  wing.  A vortex  has  also 
formed  on  the  leading-edge  of  the  vertical  tail. 
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RefH  Cp  Comparisons  at  a = 8°,  (3  = 1 2° 

M = 0.24,  Re  = 8 mil 


This  figure  shows  Cp  comparisons  for  the  full-span 
configuration  at  four  fuselage  stations.  The  spanwise  distance 
on  each  plot  ranges  from  - 1 .0  to  + 1 .0,  where  the  0 to  - 1 .0 
interval  represents  the  left  wing  and  the  0 to  +1.0  interval 
represents  the  right  wing.  Note  the  asymmetry  of  the  pressure 
distribution  curves  and  the  higher  suction  peaks  that  occur  on 
the  right  wing.  Correlations  arc  fair  and  could  probably  be 
improved  with  more  grid  resolution  in  the  leading  edge 
regions. 
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RefH  Cp  Comparisons  at  a = 8°,  (3  = 12° 

M = 0.24,  Re  = 8 mil 


This  figure  shows  Cp  comparisons  for  the  full-span 
configuration  at  three  downstream  spanwise  stations.  Fair  to 
good  corielations  are  noted.  The  nonsmooth  lower  surface 
pressures  at  x = 143.39”  are  due  to  the  alternating  high 
pressure,  low  pressure  effects  that  occur  on  the  nacelles  at  a 
1 2°  sideslip  angle.  Likewise  the  choppy  pressure 
distributions  depicted  at  x = 150”  were  expected  since  the 
pressures  were  extracted  on  and  around  the  trailing-edue 
Haps. 
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Reference  H Cp  Comparisons  with  Two  Different  Grids 
M = 0.24,  Re  = 8 mil,  a = 8°,  p = 0° 

O Experiment 

CFD  (w/b/nac/emp) 

CFD  (w/b/nac/htail 


y/(b/2), 


Since  the  full-span  high-lift  RefH  grid  (config3)  was  a 
mirrored  coarser  version  of  config2.  Cp  comparisons  were 
made  at  the  various  chordwise  and  spanwise  stations  to 
address  any  grid  eilects  in  the  sideslip  solutions.  This  liuure 
shows  the  pressure  distributions  at  four  spanwise  stations 
obtained  by  the  two  grids;  the  experimental  values  are  also 
plotted.  Excellent  agreement  is  seen  between  the  two  CFD 
solutions  using  the  different  grids,  and  correlation  with 
experiment  is  also  good. 
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Reference  H Cp  Comparisons  with  Two  Different  Grids 

M = 0.24,  Re  = 8 mil,  cc  = 8°,  p = 0° 

Q Experiment 

CFD  (w/b/nac/emp) 

CFD  (w/b/nac/htail 


y/(b/2), 


Cp  comparisons  made  at  three  additional  downstream 
spanwise  stations  show  a slight  deviation  in  pressures  at  the 
inboard  suction  peak  at  approximately  y/(b/2),  = 0.40. 
Correlalon  with  experiment  shows  good  agreement. 
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CONCLUSIONS 


• Computational  results  correlated  well  with  experimental  force  and 
moments  data  and  were  capable  of  predicting  the  longitudinal  and 
lateral  performance  trends. 

• Predicted  surface  pressures  compared  well  to  experiment  except  when 
the  flow  began  to  develop  extensive  outboard  separation. 

• Predicted  off-surface  and  surface  flow  viz  offers  insight  into  the  flow 

physics  and  continues  to  provide  important  details  that  the  wind-tunnel 
does  not. 

• Multi-block  structured  grids  for  high-lift  w/b/nac/emp  HSCT 
configuration  is  still  a time  consuming  process  in  terms  of  grid 
generation  and  code  set-up/debugging. 


HSR  H-L  CFD 


The  slide  is  self-explanatory 
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C Contour*  on  the  30/10  TCA  Configii^hon 

P 

M = 0.24,  Res  8 mil,*'  - 


Future  work  will  include  solving  the  high-lift  flow  about  the  Technology  Concept 
Airplane  (TCA)  using  CFL3D.  Surface  pressure  contours  arc  shown  in  this  figure 
at  a - 10°  . 
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■ Baseline  high  lift  performance  and  technology  projections  for  TCA 

• Recent  high  lift  system  improvements  to  ref  H 

• Review  of  alternate  pitch  control  results  from  6%  ref  H model 

• Technology  projection  and  alternate  controls  impact 

• 1 4x22  test  results  w / canards  and  high  lift  system  improvements 

• Conclusions 

• Recommendations 
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Baseline  high  lift  performance  for  TCA  - For  reference,  todays  status  and 
how  it  compares  with  our  technology  projection  for  year  2001 . 

Recent  high  lift  system  improvements  to  ref  H.  Based  on  14x22  facility 
tests  of  the  6%  model,  describe  improvements  to  the  leading  edge  flap 
system  which  bring  us  closer  to  our  technology  projection. 

Review  of  alternate  pitch  control  results  from  6%  ref  H model 
Technology  projection  and  alternate  controls  impact 
14x22  test  results  w/  canards  and  high  lift  system  improvements 
Conclusions 
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This  figure  shows  the  1997  high  lift  technology  projection  for 
climbout  L/D.  It  shows  trimmed  L/D  at  climbout  as  a function  of 
Fiscal  Year.  The  HSR  II  program  ends  in  2001.  The  technology 
projection  for  climbout  L/D  is  9.8  for  the  TCA.  The  current  status 
is  9.2.  The  chart  also  shows  high  lift  program  milestones  and 
major  phases  of  the  program.  At  the  top  in  triangles  is  the 
technology  readiness  level.  The  green  bars  are  the  current  status 
for  this  metric  with  an  uncertainty  band.  At  the  right  is  an 
uncertainty  band  on  the  final  outcome  and  an  estimate  of  the 
TOGW  impact  for  this  metric.  This  chart  shows  that  we  need  to 
get  from  9.2  to  9.8  trimmed  L/D  for  the  TCA  to  meet  program 
goals  by  the  year  2001 . 
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This  figure  also  shows  the  technology  projection.  It  is  a plot  of 
trimmed  L/D  versus  CL  for  the  TCA  configuration.  Shown  for 
reference  is  the  theoretical  ideal  L/D.  The  use  of  programmed  flaps 
helps  bring  the  status  up  from  the  fixed  flap  level.  At  the  cutback 
CL=0.50  we  need  to  improve  by  0.6  units  in  L/D  to  meet  the 
technology  projection.. 
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Sizing  Constraints  and  Thumbprint 

December  ‘96  TCA  Update 
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This  figure  shows  the  sizing  thumbprint  for  the  December  1996 
TCA  update  baseline.  It  is  better  than  the  previous  TCA  by  200 
square  feet  wing  area  and  about  10,000  lb  lighter.  The 
improvements  are  the  result  of  the  propulsion  nozzle  team  making 
improvements  to  their  technology  projections,  specifically  nozzle 
performance. 

Mission  constraints  are  range,  payload,  climb  time,  TOFL, 
climbout  gradients,  approach  speed,  sideline  noise,  and 
community  noise. 

The  TCA  is  sized  by  noise  at  cutback  (Stage  III  - 3db),  blue 
curve,  and  the  fuel  volume  required  to  meet  the  mission,  red 
curve. 

The  approach  speed  line  is  very  close  to  being  a constraint,  this  is 
based  on  a maximum  approach  speed  of  155  knots,  green  curve. 
This  airplane  has  a 154.2  knot  approach  speed.  Approach  speed 
is  a function  of  lift  in  ground  effect  and  aft  body  or  nacelle 
margins  to  ground  contact. 

The  TOFL  line  is  below  the  sized  configuration  and  is  not 
currently  sizing  the  configuration. 

The  airplane  is  very  highly  low  speed  sized. 
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This  figure  shows  the  sensitivity  of  MTOW  to  changes  in  climbout 
L/D  for  different  noise  levels.  Currently  we  are  sizing  to  Stage  III 
- 3db.  A future  goal  is  probably  going  to  be  Stage  III  -5db.  As 
regulations  get  more  stringent  the  MTOW  sensitivity  to  L/D 
variation  increases,  moving  from  the  -3db  line  to  the  -5  db  line. 
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This  figure  shows  recent  improvements  to  the  high  lift  system  of 
the  ref  H.  This  data  shows  an  optimization  of  the  inboard  flap  span 
coverage  and  a new  inboard  flap  chord  that  tapers  to  zero  inboard. 
The  flap  labeled  J1 .6. 1 is  the  one  down  selected  for  the  ref  H 
model.  It  provides  about  0.5  units  L/D  improvement  at  CL=0. 5 5 , 
which  is  the  cutback  CL  for  the  ref  H.  The  system  may  also  be 
lighter  since  it  covers  less  span  that  the  previous  baseline  flap. 


This  concept  has  been  applied  to  the  baseline  TCA  configuration 
with  unknown  results  as  of  today.  The  new  TCA  model  will  be 
tested  in  March  of  1 997. 
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This  figure  shows  the  improvements  in  cutback  L/D  that  an 
outboard  leading  edge  flap  modification  can  provide.  This 
concept  is  the  sealed  slat.  The  sealed  slat  has  a hingeline  external 
to  the  wing.  The  hingeline  of  the  sealed  slat  is  below  the  wing, 
creating  fowler  motion  with  deflection,  which  adds  a small 
amount  of  wing  area,  this  helps  to  reduce  the  angle  of  attack.  The 
radius  over  the  upper  surface  at  the  hingeline  is  very  generous  and 
helps  the  flow  negotiate  the  hingeline.  The  baseline  flap  has  a 
relatively  sharp  comer  at  the  upper  surface  above  the  flap 
hingeline,  and  is  the  source  of  flow  separations. 


The  sealed  slat  concept  provides  about  0.3  units  in  L/D 
improvement  over  the  baseline  LE  flap. 
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HSCT  High  Uft  Aerodynamics 

Potential  for  Gains  in  Climbout  L/D 

Previous  wind  tunnel  data  suggests  a potential  for 
increased  low  speed  L/D  for  configurations  with  a 
canard  instead  of  a tail. 

The  potential  is  at  least  0.5  units  in  trimmed  L/D  over 
the  aft  tail  baseline. 
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As  will  be  seen  data  from  14x22  test  NASA421  shows  a potential 
for  increased  low  speed  performance  relative  to  a tailed 
configuration.  The  performance  benefit  is  sensitive  to  CG 
position,  at  an  aft  CG  the  tail  can  provide  trimmed  L/D  s as  high 
as  that  of  the  best  canards,  but  the  aircraft  is  typically  unstable 
here.  As  the  CG  moves  forward  canards  get  better  performance 
and  that  benefit  is  as  large  as  0.5  units  in  L/D. 
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Canards  and  the  Technology  Projection 

The  sharp  leading  edge  of  the  outboard  wing  causes  early  flow 
separation. 

If  we  achieve  the  technology  projection,  then  the  flow  on  the  outboard 
panel  will  likely  be  attached  during  climbout 

The  outboard  sealed  slat  helps  achieve  this  goal. 

A canard  will  also  help  achieve  this  goal. 

We  are  not  sure  if  the  benefits  of  a canard  and  a sealed  slat  are 
synergistic. 
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Wind  tunnel  observations  of  flow  on  the  outboard  wing  of  the  ref 
H at  operating  angles  of  attack  is  known  to  have  regions  of 
leading  edge  separation.  This  is  due  to  early  flow  separation 
either  at  the  sharp  leading  edge  or  over  the  upper  surface  at  the 
flap  hingeline. 

One  of  the  goals  for  achieving  the  technology  projection  is  to 
develop  a high  lift  system  which  keeps  the  flow  attached  on  the 
outboard  wing  during  climbout. 

The  outboard  sealed  slat  achieves  this  goal. 

The  canard  also  helps  improve  flow  over  the  outboard  wing,  this 
may  be  due  to  a reduced  angle  of  attack  for  the  wing. 

We  are  not  sure  if  the  benefits  of  a canard  and  a sealed  slat  are 
synergistic.  They  both  may  promote  attached  flow  on  the  wing 
thus  achieving  the  same  goal.  For  this  reason  we  don’t  know  if 
the  benefits  of  both  can  be  claimed. ...  yet. 
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Takeoff  and  Touchdown  Lift 


The  TCA  baseline  is  sized  by  noise  at  cutback  and  fuel  volume  required  for 
the  mission. 

When  the  common  performance  process  is  implemented  for  mission 
sizing,  lift  levels  will  decrease. 

Information  in  the  literature  indicates  that  for  slender  wings,  the  favorable 
ground  effect  may  be  as  little  as  1/2  the  static  ground  effect. 

If  these  two  effects  were  combined,  it  could  cause  both  the  TOFL  and 
VAPP  lines  to  be  mission  sizing  critical. 

A canard  configuration  can  reduce  trimmed  angle  of  attack. 
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Currently  the  baseline  TCA  is  sized  by  noise  at  cutback  and  fuel  volume 
required  for  the  mission.  The  approach  speed  constraint  of  155  knots  or 
less  is  currently  not  sizing  the  configuration,  but  the  line  is  close. 
Approach  speed  is  determined  by  touchdown  attitude  limits  in  ground 
effect  accounting  for  a 3%  speed  bleed  during  flare. 

When  the  common  performance  process  is  implemented  for  mission 
sizing,  lift  levels  will  decrease.  This  is  because  the  ref  H database  has 
lower  lift  levels  than  that  predicted  by  AER02S. 

Information  in  the  literature  indicates  that  for  slender  wings,  the  favorable 
ground  effect  may  be  as  little  as  1/2  the  static  ground  effect  which  we  are 
currently  using. 

These  two  effects  if  combined  could  very  well  cause  both  the  TOFL  and 
VAPP  lines  to  be  critical  to  sizing. 

A canard  configuration  can  reduce  trimmed  angle  of  attack  for  most 
useable  CG  locations. 
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Brief  Review  of  Available  Canard  Test  Data 

The  following  few  charts  are  extracted  from  previously 
published  analysis,  and  are  shown  for  review. 
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The  following  charts  are  from  the  NASA421  test  analysis  of 
alternate  pitch  control  devices.  They  are  shown  here  for  a 
reference  point  for  and  to  tie  into  new  data  from  NASA442. 
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This  figure  shows  the  geometry  of  the  6%  ref  H low  speed  model.  The 
figure  shows  the  flap  system  layout  and  location  of  the  horizontal  tail  and 
canard  mount.  The  horizontal  tail  is  remotely  adjustable  as  is  the  canard 
when  mounted.  The  forebody  has  extension  plugs  to  simulate  aft  wing  shift 
when  canards  are  tested.  (Plugs  are  not  shown). 
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This  figure  shows  the  various  alternate  control  configurations  that  have 
been  tested  at  the  14x22  facility  using  the  6%  ref  H model.  All  of  the 
control  devices  tested  previously  were  simple  slab  surfaces  with  no  high 
lift  systems  or  elevators. 
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Baseline  horizontal  tail  trimmed  L/D  is  shown  here  as  a function  of 
CG  position.  This  configuration  is  neutrally  stable  at  47.5%  MAC. 
L/D’s  get  better  when  the  CG  is  located  aft  of  this  location.  This  is 
due  to  the  pitching  moments  at  aft  CG’s  requiring  less  tail  down  load 
and  possibly  tail  lift  for  trim.  Typical  CG  range  for  the  ref  H 
configuration  is  47  to  54%  MAC. 
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The  best  canard  in  terms  of  trimmed  L/D  is  shown  here  as  a 
function  of  CG  position.  This  configuration  is  the  high  AR 
canard  mounted  low  on  the  extended  forebody,  this  simulates 
an  aft  wing  shift.  This  configuration  is  neutrally  stable  at  25% 
MAC.  This  is  far  forward  of  typically  achievable  L/D’s.  This 
configuration  gets  better  at  more  forward  CG  locations.  For  the 
canard  to  trim  more  forward  CG  locations  will  require  either 
less  trailing  edge  flap  to  reduce  the  canard  lift  requirement,  or 
an  efficient  high  lift  system  on  the  canard  so  it  can  generate 
higher  CLmax. 
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Trimmed  L/D  Comparison  at  Common  Stability  Levels 
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This  figure  summarizes  all  the  configurations  tested 
previously  at  the  1 4x22  facility  on  the  6%  model.  The  chart 
shows  trimmed  L/D  at  cutback,  CL=0.55,  for  each 
configuration  at  common  stability  levels.  The  black  bars 
indicate  trimmed  L/D  at  10%  unstable  CG  locations.  The 
baseline  ref  H is  10%  unstable  at  58%  MAC.  White  bars  are 
for  trimmed  L/D  at  neutral  CG  locations.  For  the  baseline 
ref  H this  is  48%.  The  two  high  AR  canards  show  L/D  gains 
of  roughly  0.5  units  in  L/D.  The  relative  location  of  the  10% 
unstable  CG  is  58%  for  the  tail,  50%  for  the  high  AR  canard 
on  the  baseline  forebody,  and  45%  for  the  high  AR  canard 
on  the  extended  forebody. 
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Trimmed  Angle  of  Attack 

Baseline  tail  compared  with  high  AR  canard 


CG 
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Trimmed  angle  of  attack  changes  with  CG  position.  As  the  CG  moves 
forward  or  aft  airplane  pitching  moments  rotate.  This  rotation  changes  the  lift 
(or  download)  required  to  trim.  Forward  CG’s  mean  the  pitching  moments  are 
more  nose  down  for  a fixed  flap  setting.  This  required  a tail  down  load  to 
trim.  At  a constant  CL  if  the  tail  is  pushing  down  for  trim  the  wing  has  to 
work  harder  by  carrying  the  lift  lost  due  to  tail  down  load  for  trim.  This 
results  in  a higher  angle  of  attack  and  more  induced  drag  from  the  wing.  The 
same  is  true  of  the  canard,  but  as  the  CG  moves  forward  the  canard  has  to  trim 
the  configuration  by  carrying  an  up-load.  This  allows  the  wing  to  fly  at  a 
lower  angle  of  attack  for  a constant  CL. 
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This  figure  shows  additional  canard  configurations  tested 
during  NASA  442.  Test  to  test  repeat  runs  were  made  for 
selected  configurations.  The  high  AR  canard  was  tested  in 
the  fore  and  aft  positions  both  high  and  low.  In  addition,  a 
leading  edge  flap  system  was  simulated  by  the  use  of  a 
dowel  positioned  under  the  LE  as  shown.  This 
configuration  was  also  tested  with  a 15°  deflected  elevator. 
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Test  to  Test  NASA421  to  NASA442 
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This  figure  shows  the  test  to  test  trimmed  L/D  levels  between 
NASA  421  and  NASA  442  for  die  baseline  horizontal  tail. 
Repeatability  is  very  poor,  but  is  somewhat  better  at  high  CL’s. 
The  data  from  the  most  recent  test  is  not  as  robust  because  only  a 
couple  of  tail  deflections  were  flown.  It  was  expected  that  the 
new  test  data  would  be  at  a higher  L/D  level  than  the  421  data, 
because  the  inboard  leading  edge  flap  had  the  new  span  and  taper 
configuration  which  was  worth  roughly  0.5  units  in  L/D.  The  fact 
that  the  data  is  down  by  ~0.5  units  at  CL=0.55  means  that  the 
levels  are  really  down  by  1 .0  units.  This  is  a big  difference. 
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Test  to  Test  NASA421  to  NASA442 

Trimmed  L/D  vs.  CG 
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This  figure  shows  the  test  to  test  trimmed  L/D  levels  between 
NASA  421  and  NASA  442  for  the  high  AR  canard  in  the  aft  low 
position.  Repeatability  is  very  poor,  but  is  somewhat  better  at  high 
CL’s.  The  data  from  the  most  recent  test  is  not  as  robust  because 
only  a limited  number  of  canard  deflections  were  flown.  It  was 
expected  that  the  new  test  data  would  be  at  a higher  L/D  level  than 
the  421  data,  because  the  inboard  leading  edge  flap  had  the  new 
span  and  taper  configuration  which  was  worth  roughly  0.5  units  in 
L/D.  The  fact  that  the  data  is  down  by  ~0.5  units  at  CL=0.55  means 
that  the  levels  are  really  down  by  1 .0  units.  This  is  a big  difference. 
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Test  to  Test  Comparison 


Although  the  data  is  still  somewhat  preliminary,  it  should 
be  OK  to  use  for  increments 


* New  turbulence  screens 

* New  tunnel  calibration 

* Different  balance 

* Different  inboard  leading  edge  configuration 

* Different  mount  to  model  seal 

* New  data  system 

* Different  years 
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The  data  is  preliminary  and  should  be  used  with  caution  at  present, 
aside  from  the  previous  two  charts  it  will  be  used  only  for 
increments  from  here  on  out. 

Possible  reasons  for  the  poor  test  to  test  could  be  attributed  to: 

New  turbulence  reducing  screens,  after  test  421  the  screens  in  the 
14x22  facility  were  removed  as  they  were  worn  out.  Test  442  had 
new  screens  in  place  which  could  change  the  tunnel  calibration. 

Test  442  was  flown  with  a different  balance  than  test  42 1 . 
Checkloads  during  both  tests  were  taken,  no  major  problems  were 
noted  in  the  run  logs. 

Different  inboard  leading  edge  configuration.  The  previous  test 
(421)  had  a much  dragier  leading  edge  flap  on  the  inboard  wing 
than  test  442.  This  should  have  nudged  the  data  in  the  better 
direction  though. 

The  seal  at  the  post  to  model  interface  was  different.  Test  421 
used  a rubber  boot  for  a seal,  test  442  used  no  seal. 

A new  data  system  is  now  in  place  - the  bugs  are  being  worked  out. 

Different  year,  season,  personnel,  - lots  of  other  variables. 
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This  figure  shows  the  effect  of  high  / low  mount  position  for  the 
high  AR  canard  with  the  drooped  LE.  This  data  is  new  from 
test442.  It  shows  that  a high  mount  can  provide  from  0.2  to  0.5 
units  in  L/D  depending  on  CL.  This  data  is  for  the  forward  mount 
position  with  the  extended  forebody.  With  the  canard  in  the 
forward  position  the  moment  arm  is  greater  and  lift  required  to  trim 
becomes  less  than  canards  mounted  in  the  aft  locations. 
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This  figure  shows  the  effect  of  canard  mount  position  and  the 
effect  of  the  LE  droop  for  the  aft  mount  position.  This  data  is  for 
the  high  AR  canard.  In  the  aft  position  any  benefit  seen  for  the 
high  mount  has  disappeared.  In  fact  the  low  mount  is  better  at  aft 
CG’s,  and  the  high  mount  is  better  at  forward  CG’s.  The  dotted 
lines  with  x symbols  is  the  low  canard  with  LE  droop.  Here  we  see 
that  by  simply  adding  LE  droop  we  make  the  configuration  worse. 
A high  lift  system  on  the  canard  needs  to  be  designed  in  detail  to 
get  better  results  than  this. 
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This  figure  shows  the  effect  on  trimmed  L/D  of  deflecting  the 
canard  elevator  1 5°.  Both  configurations  are  the  high  AR  canard 
mounted  low  on  the  extended  forebody.  Both  configurations  also 
have  the  LE  droop.  The  configuration  with  deflected  elevator  is 
worse  than  the  undeflected.  The  only  point  where  the  canard  w/ 
elevator  deflection  is  better  is  at  CL=0.4  in  the  most  forward  CG. 
Again  the  high  lift  system  of  a canard  like  this  one  is  going  to 
require  more  thought  in  the  design  to  get  the  desired  results  of  high 

lift  with  low  drag. 
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This  figure  shows  the  effects  of  the  sealed  slat  leading  edge  flap  in 
combination  with  the  “best”  canard  configuration,  the  clean  high 
AR  canard  mounted  low  on  the  baseline  forebody.  As  can  be  seen 
the  sealed  slat  adds  approximately  0.3  units  in  trimmed  L/D  over 
the  baseline  outboard  LE  flap.  This  is  approximately  the  same  as 
shown  in  a previous  slide  (0.30  units  improvement  for  the  sealed 
slat  over  the  baseline  outboard  leading  edge  flap).  It  appears  that 
the  sealed  slat  can  be  used  in  combination  with  canards  and  the 
L/D  benefits  of  both  can  be  expected. 


The  sealed  slat  is  worse  for  the  low  CL  case  because  it  is  over 
deflected,  40  degrees  is  too  much  for  CL=0.40. 
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HSCT  High  Uft  Aerodynamics 


Conclusions 

• High  lift  performance  continues  to  be  critical  to  the  HSR  program. 

• Lift  at  takeoff  and  touchdown  could  become  more  critical  to  mission  sizing. 

• High  lift  systems  on  canards  will  need  to  be  worked  harder  to  get  the  desired 
lift  with  minimum  drag. 

• The  basic  wing  produces  generous  amounts  of  induced  drag  with  lift. 

• A high  mount  canard  may  provide  up  to  0.5  units  improvement  in  trimmed 
L/D. 


A*ro  Corflg  Corf*f«nc*.pf< 
P*5*  27 


•High  lift  performance  continues  to  be  critical  to  the  HSR  program. 
Currently  the  baseline  TCA  is  sized  to  Stage  III  -3db  at  cutback.  A 
more  aggressive  noise  goal  of  Stage  III  -5db  will  make  achieving  the 
technology  projection  for  L/D  at  cutback  more  critical. 

•Lift  at  takeoff  and  touchdown  will  be  reduced  when  the  new  common 
process  is  finished.  The  use  of  wind  tunnel  data  instead  of  AER02S 
will  reduce  lift  levels.  This  will  also  make  the  TOFL  and  VAPP 
constraints  more  critical. 

•As  the  literature  suggests  dynamic  ground  effect  may  be  as  little  as  1/2 
of  static  ground  effect.  We  currently  are  using  static  ground  effect.  If 
dynamic  ground  effect  considerations  are  required,  then  lift  will  be  even 

more  critical  to  mission  sizing. 

•High  lift  systems  on  canards  will  need  to  be  worked  harder  to  get  the 
desired  lift  with  minimum  drag.  The  simple  attempt  to  improve  the 
high  AR  canard  with  dowels  and  clax  did  not  work.  We  have  to  do  our 
homework  in  this  area  to  produce  an  efficient  highly  loaded  canard. 
•The  basic  wing  produces  lots  of  induced  drag  with  lift,  by  reducing 
wing  lift  and  carrying  the  lift  reduction  from  the  wing  on  a high  AR 
canard  with  better  induced  drag  characteristics  leads  to  a more  efficient 

system. 

•A  high  mount  canard  may  provide  up  to  0.5  units  improvement  in 
trimmed  L/D,  this  benefit  seems  to  diminish  as  the  canard  is  mounted 
longitudinally  closer  to  the  wing. 
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HSCT  High  UFt  Aerodynamics 


Recommendations 


• Continue  the  research  into  alternate  controls,  benefits  in  both  L/D  and  angle  of 
attack  can  be  obtained. 

• Since  wind  tunnel  resources  are  scarce,  use  CFD  to  develop  an  efficient  high 
lift  system  for  a canard. 

• After  the  CFD  analysis  is  complete  build  several  canards  to  be  flown  on  the 
5%  TCA  model  next  year. 

• Since  the  sealed  slat  provides  L/D  benefits  with  and  without  canards,  a 
systems  study  is  needed  to  evaluate  the  viability  of  the  concept. 

• Continue  to  work  recent  14x22  data  to  understand  the  large  differences 
between  tests,  as  this  could  impact  our  performance  buildups. 


A#fo  Config  C«ifcranc*.ppt 
P»9»28 


•Continue  the  research  into  alternate  controls,  benefits  in  both  L/D 
and  angle  of  attack  can  be  obtained. 

•Since  wind  tunnel  resources  are  scarce,  use  CFD  to  develop  an 
efficient  high  lift  system  for  a canard. 

•After  the  CFD  analysis  is  complete  build  several  canards  to  be 
flown  on  the  5%  TCA  model  next  year. 

•Since  the  sealed  slat  provides  L/D  benefits  with  and  without 
canards,  a systems  study  is  needed  to  evaluate  the  viability  of  the 
concept. 

•Continue  to  work  recent  14x22  data  to  understand  the  large 
differences  between  tests,  as  this  could  impact  our  performance 
buildups.  Data  from  the  14x22  tunnel  is  the  basis  of  the  new 
common  process.  The  large  shifts  in  data  levels  will  lead  to  huge 
uncertainties  in  our  performance  levels. 
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Flow  Field  Characteristics 
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Flow  Field  Characteristics 
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a need  to  relax  this  requirement  in  order  to  achieve  an  acceptable  grid. 

Most  viscous  flow  solvers,  which  do  not  have  wall  functions,  need  to  have  a Y+  on  the  order  of  1 or  less  in  order  to  have 
accurate  resolution  of  the  boundary  layer  regions.  For  the  present  analyses,  a value  of  5 was  set  as  a target.  Most  of  the 
grids  were  able  to  meet  this  target  with  the  exception  of  small  regions  in  the  grid  where  geometry  changes  occured. 


Desired  Grid  Characteristics 
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Modeling  of  Flap  Deflections 
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Modeling  of  Flap  Deflections 
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Exact  Modeling  of  All  Surfaces 
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Exact  Modeling  of  All  Surfaces 
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Sheared  Grid  Scheme 
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Sheared  Grid  Scheme 
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Point  Match"  Web 
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Application  to  Reference  H 
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Baseline  Grid  Modification  for  Modeling  TE  Flap  Deflections 
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TE  Flap  Modeling  — ► Regional  Regridding  is  Needed  to  Avoid  Grid-Line  Crossing 
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Surface  Grid  Modification  for  Modeling  Multiple  Deflected  TE  Flaps 
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Surface  Modeling  Near  the  Hinge  Line  of  a Deflected 
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Trailing-Edge  Flap 
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Cross  Sectional  Grid  at  the  Trailing-Edge  Station 
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Chordwise  Grid  Distribution  with  Trailing-Edge  Flap  Deflections 

Inner  & Outer 
z Zonal  Boundary 


Modified  Wing 
Region 

for  Flap  Deflections 
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Spanwise  Gap  Modeling  for  Trailing-Edge  Flap  Deflections 
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Typical  HSCT  High-Lift  Computational  Model 

• Single  Zone  Consists  of  3.3  Million  Grid  Points  for  the  Half-Body 
(305X65X1 69) : (Chordwise  X Radial  X Spanwise) 

• C-0  Grid  Topology  (C  : Chordwise;  O-Spanwise) 


CD 

O 

CO 

CD 

C i- 


2213 


■O 

0)  o 

CO 

i — CO  h — - 

£ » « 

§ § 

D)  o CO 


CD  C 
-Q  .O 

nr  O 

£ © 

gl 

'■£=  g- 

Z3  « 

o £ 

CO  TJ 
~ © 

00  © 

g!  I 

O 5 

0 CO 
Q <D 

E £ 
© >> 
CO  JD 


< 

CM 

<4— ' 

CL 

O 

S jg 

^ LU 
CM  _l 

^ c 

g a 

co 


2214 


2215 


K Y 

O IV/ 

Sin 

T 


O)  $ 

< -§  © 

tsl 

°°  | 

< 3,  o 

5 « g 

c\i  .2  j§ 

^ o f 

0 © -5 

£ 0 >< 

m_  "O  5 

O CL  I 

© © S 

^ 5=  . 

© LLJ  -E 
(Oh  ^ 

a?  cm  s 

Q-  i_  © 

© O CD 
§ o ® 

3 1 ? 

© Q-'«  c 

Q-  © -*  O 
Q-  . 13  '■♦= 
3 CO  © © 

© O .§  £ 

£ Ji  -2  T3 
© ^ -Q  o 
> — ° f 

6 © © f 


o vu 
sz  c 
(7)  O 

CO  s- 
-C  3 
O O) 

|! 

k 8 


© 'F 
5 O 

© co 

C -— 

o c 
+=  © 
3 U) 

O © 
W LJ 


© © 
J=  © 

2 © 
1—  L. 

O 3 
'■♦=  © 
© W 
O © 

-2  fc. 

CD  j- 

-E  g 

■O  > 
c .O 

o ^ 

Q.  < 
© 

© 

t:  o 
o © 

W "S 
"O  © 
c >+!- 

© 9 
© © 

.ll1 

o>  © 
© *- 
*-  c 
© © 

3 © 

© £ 
© O 

© o 

Q_  © 

£ © 
_Q  © 

m “ 
§ 8 
T3  £ 

.E  o 

x 

© o 

tr  £ 

> 

- > 

© c. 

= 0 

E © 

■—  _Q 

CO  o 


LU 
© I— 
< © 

© Z. 

© ° 
o © 
^ o 
o c 

CM  © 


— • 

_3 

© 

M— 

_c 

CD 

C 

0 

© 

c 

o 

d. 

4-* 

O 

_© 

"■4— > 

CD 

C 

*© 

T3 

Q. 

© 

© 

.C 

4— » 

CO 

© 

0 

.C 

c 

O) 

0 

!n 

0 

© 

0 

0 

+-» 

co 

0 

v_ 

0 

O 

c 

-Q 

— 

'0 

o 

“> 

'-t— * 
© 

J>. 

L_ 

"D 

cO 

0 

O 

JC 

o 

o 

V) 

CD 

0 

c 

C 

> 

0 

6 
■4— » 

O) 

c 

Q. 

© 

-C 

0 

© 

x: 

-4— » 

-4-^ 

2216 


2218 


Predicted  Surface  Pressure  for  the  M2.4-7A  Opt2A  Configuration 

at  M = 0.3,  a = 10  degrees,  Re=8  million 
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MCDOIMNEL.L.  DOC/QL4S.  ''i  HIGH-SPEED  CIVIL  TRANSPORT 
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Drag  Coefficient,  CD  Drag  Coefficient,  G 
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MCDONNELL  DOUGLAS  ' HIGH-SPEED  CIVIL  TRANSPORT 
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User  specified  deflection  angles  (inboard  and  outboard) 
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SUMMARY  - TE  Flap  Deflection  Procedure 
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TE  flap  definition 
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A New  Approach  to  Constrained  Induced  and 
Trim  Drag  Optimization 
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High  Speed  Research  Program 
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Topics 


Background 

• Need  to  analyze  wind  tunnel  data 

• Determine  tail  downwash  / trim  drag 

WMFFIT  Aerodynamic  Potential  Flow  Model 

• Convert  CFD  data  into  small  matrices  of  ‘super  influence  coefficients’ 

• Compute  induced  drag,  moments,  aero  surfaces  deflection  angles 

Application  of  WMFFIT  to  Ref.H  NASA437  Wind  Tunnel  Data 

Trim  tail-off  data  using: 

• Conventional  Tail 

• Canard 

• Tri-Surface 

Explain  performance  differences  between  canard  and  conventional  tail 
Future  Additions  to  WMFFIT 


Summary 

A new  numerical  method  has  been  developed  which  allows  the  easy  construction  of  a 
complete  induced  drag  and  pitch  trim  model  for  fully  three-dimensional  aircraft 
configurations  comprised  of  an  arbitrary  number  of  lifting  surfaces.  The  induced  drag  is 
described  as  a function  of  a small  number  of  parameters,  such  as  lift,  canard,  wing,  and 
tail  incidence  angles,  and  the  deflection  angles  of  trailing  edge  flaps.  Combined  with 
constrained  optimization  the  method  allows  optimal  trim  of  multi-surface  configurations 
with  minimum  computational  effort  on  a PC. 

Ref.H  trailing  edge  flap  positions  have  been  experimentally  optimized  -tail  off-  as  part  of 
the  NASA437  test  series  conducted  in  the  NASA  Langley  14x22  wind  tunnel.  Generally, 
the  untrimmed  ‘optimum’  configurations  exhibited  large  pitching  moments.  The  above 
described  method  accepts  experimentally  acquired  data  as  constraints  and  thus  can  be 
used  to  determine  trimmed  model  performance  characteristics. 

The  analyses  indicate  that  the  trimmed  optimum  performance  greatly  depends  on  the  type 
of  trim  surfaces  used.  At  the  lift  coefficients  of  interest  a canard  configuration  exhibits 
AT  7D=0  7 higher  lift/drag  ratio  than  the  conventional  tail  configuration.  Only  about  1/3  , 
of  the  canard  performance  gain  is  shown  to  be  the  result  of  savings  in  induced  drag.  The 
balance  of  the  gain  is  attributed  to  changes  in  wing  viscous  drag.  Compared  to  the 
conventional  tail  configuration  the  performance  of  the  canard  is  shown  to  be  less 
sensitive  to  migration  of  the  airplane  center  of  gravity.  Only  small  further  performance 
improvements  seem  to  become  available  from  a tri-surface  configuration. 
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Untrimmed  Lift  Coefficient 


NASA437  Tail  Off  Wind  Tunnel  Data 


Which  configuration  is  best  when  the  airplane  is  trimmed  in  pitch? 


CLMC  VISSIB  CMOS*  U0K  VOtSUS  CLSAC 


A 6%  scale  wind  tunnel  model  of  the  Ref.H  supersonic  transport  configuration  was 
evaluated  ( Test  NASA437)  in  the  NASA  14’x  22’  wind  tunnel.  A limited  amount  of  the 
test  time  was  used  for  optimization  of  die  trailing  edge  flap  settings.  The  figure  shows 
the  L/D  performance  of  the  ‘best’  untrimmed  (tail  off)  configurations.  The  outboard  flaps 
were  set  at  15  degrees,  the  deflection  of  the  two  inboard  flaps  was  varied.  Varying  the 
inboard  flap  deflection  is  seen  to  affect  both  L/D  performance  and  pitching  moment 
characteristics. 

It  is  not  at  all  obvious  which  of  the  configurations  will  be  best  once  the  airplane  is 
trimmed  in  pitch.  For  an  accurate  prediction  of  trim  drag  of  a conventional  tail  the  down 
wash  needs  to  be  known  as  a function  of  wing  lift  and  flap  settings.  Conversely,  the 
interactions  between  the  wing  and  the  canard  needed  to  be  accounted  for  if  a canard  is 
used  as  the  trimming  device.  To  facilitate  the  pitch  trim  study,  a fast,  easy  to  use 
potential  flow  based  method  was  developed  which  calculates  the  above  parameters. 
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WMFFIT  Compact  Aerodynamic  Model 


Objective 

Recast  CFD  results  in  into  a 


function  of  the  few  parameters  of  interest 


• Lift 


• Moments 

• Aero  Surfaces  Deflection  Angles 

Fully  3-dimensional 
No  loss  in  accuracy 


Approach 

Method  of  span  load  mode  functions 

Use  linear  CFD  to  determine  the  mode  shapes  and  the  associated  geometry  changes 


Results 

WMFFIT  is  exact  - not  a curve  fit 

Small  matrices  fully  describe  airplane  linear  aerodynamics 

Can  be  used  for  constrained  induced  drag  optimization 

Span  load  distributions  are  a ‘by-product’  of  the  analysis  procedure 

Computer  usage  reduced  by  orders  of  magnitude 


A FORTRAN  procedure  (WMFFIT)  was  developed  with  the  objective  to  recast  the 
results  of  a series  specific  CFD  analyses  of  a particular  airplane  configuration  into  a form 
which  requires  as  input  only  the  few  parameters  of  practical  interest  (wing,  canard,  tail  lift 
coefficients,  deflection  angles,  etc.). 

The  computer  program  and  the  underlying  theory  will  be  discussed  in  the  next  slides. 

Subsequently,  a few  applications  of  the  new  method  will  be  shown  with  special  emphasis 
on  pitch  trim  of  the  Ref.H  configuration. 
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Drag  of  Interacting  Lifting  Surfaces 
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M unk’s  Biplane  Theory: 

Du  = induced  drag  of  isolated  wing  #1 

D22  = induced  drag  of  isolated  wing  #2 

Dn  = drag  of  wing  #1  due  to  upwash  of  wing  #2 

D2i  = drag  of  wing  #2  due  to  downwash  of  wing  #1 

Total  Induced  Drag: 


Dj  = Dn  + D12  + D21  + D22 


Implied  Assumptions: 

•Die  mutual  induced  interference  between  the  wings  does  not  change  the  shape  of 
the  spanwise  load  distributions. 

•The  angle  of  attack  of  the  wings  is  adjusted  so  that  their  lift  remains  unchanged,  Le. 


Li  = Lji  , and 


l2  = l 
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The  new  computer  program  determines  lift,  induced  drag,  moments,  and  the  associated 
geometric  angle  of  attack  changes  of  the  aerodynamic  surfaces  involved.  Induced  drag  is 
calculated  using  an  analogy  to  Munck’s  biplane  theory  which  breaks  the  configuration 
total  drag  down  into  the  drag  of  each  of  the  two  wings  alone  and  the  drag  due  to  the 
interactions  between  the  two  wings. 

Extending  Munck’s  theory,  induced  drag  is  obtained  by  summation  of  the  drag 
contributions  of  a series  of  isolated  spanwise  load  distributions,  and  their  mutual 
interactions.  Determining  the  shapes  of  these  spanwise  load  distributions  is  one  of  the 
major  tasks  to  be  resolved. 
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Synthesis  of  Spanwise  Load  Distributions  by  Mode  Shape  Functions 

i7/7f/A77  1 ™— 


Trefftz’s  & Glauert’s  Synthesis  of  Spanloads: 

•Complex  span  loads  can  be  synthesized  from 
a series  of  spanload  mode  shapes 

•Multhopp’s  approximation  by  Fourier  series 

•Arbitrary  spanload  mode  shapes  can  be  used 


Problem  to  be  solved: 

Find  useful  mode  shapes  which  fully  describe  the  spanloads  of  complex  airplane 
configurations. 
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Complex  spanwise  load  distributions  can  be  composed  using  a series  of  simpler  mode 
shape  functions.  A mode  shape  is  defined  as  a span  load  the  shape  of  which  changes 
proportional  to  a single  feature,  for  example  the  amount  of  wing  twist.  The  spanwise 
load  distribution  an  a wing  can  be  composed  of  many  mode  shapes,  such  as  a series  of 
sine  or  cosine  functions.  For  many  applications  only  those  mode  shapes  are  useful  for 
which  a corresponding  wing  geometric  feature  can  be  determined.  The  next  page  will 
describe  an  approach  to  developing  mode  shapes  for  complex  airplane  configurations 
with  an  arbitrary  number  of  lifting  surfaces. 
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Eight  Degrees-of-Freedom  A372  Vortex  Lattice  Model 


TAIL  CL 
DELALPHA 


PANEL  MODEL  FOR  A372  POTENTIAL  FLOW 
ANALYSIS  YIELDS: 

1)  INDUCED  DRAG  INFLUENCE  COEFF. 

2)  PITCHING  MOMENT  INFLUENCE  COEFF. 

3)  SURFACE  ORIENTATION  CHANGE  COEFF. 

4)  GENERIC  SPANLOAD  FUNCTIONS 


WING  CL 

DELALPHA 

TWIST 


TWO  VARIABLES /FLAP: 
FLAP  DEFLECTION 
DELALPHA 


1)  Wing  Lift  Coefficient 

2)  Canard  Lift  Coefficient 

3)  Horizontal  Tail  Lift  Coefficient 

4)  Inboard  Rap  Deflection  Angle  #1 

5)  Nacelle  Rap  Deflection  Angle  #2 

6)  Outboard  Rap  Deflection  Angle  #3 

7)  Aileron  Deflection  Angle  #4 

8)  Wing  Twist 
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The  process  of  creating  the  mode  shapes  for  an  arbitrary  airplane  configuration  is  most 
easily  explained  using  an  actual  data  case  as  an  example.  The  figure  shows  the  Ref.H 
wing  in  conjunction  with  a horizontal  tail  and  a canard  as  control  surfaces  for  pitch  trim. 
In  addition,  four  trailing  edge  flaps  can  be  independently  deflected.  The  present  slide 
shows  the  airplane  geometry,  the  next  slide  the  associated  mode  shape  functions.  The 
mode  shape  functions  are  the  results  of  CFD  analyses.  The  potential  flow  load 
distribution  of  the  entire  airplane  configuration  is  described  by  N = 8 load  functions. 

Mode  shape  #8  describes  the  load  distribution  due  to  wing  aerodynamic  twist  and  camber 
with  the  canard,  wing,  and  tail  incidence  angles  selected  such  that  none  of  the  three 
surfaces  carries  any  lift.  The  shape  of  this  load  distribution  is  directly  proportional  to  the 
amount  of  wing  aerodynamic  twist. 
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Eight  Mode  Shaped  Describing  a Ref.H  Tri-Surface  Configuration 


Section  Lift  Coefficient  7 Span  Load  I Section  Lift  Coefficient 8 Span  Load 
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The  other  seven  load  functions  involve  only  the  untwisted  and  uncambered  ( planarized  ) 
wing: 

Load  function  #1  describes  the  wing  flaps  up  span  load  at  CLwing  =1.0  with  the  canard 
and  the  tail  set  at  their  respective  zero  lift  incidence  angles. 

Load  function  #2  comprises  the  canard  load  distribution  at  a lift  coefficient  CLcanard-  1-0., 
and  the  zero  lift  span  loads  induced  on  the  wing  and  the  tail  by  the  canard.  The  zero  lift 
condition  implies  that  the  incidence  angles  of  both  the  wing  and  the  tail  be  adjusted  such 
that  there  is  no  net  lift  force  acting  on  either  one  of  these  surfaces. 

Load  function  #3  consist  of  the  horizontal  tail  span  load  at  CLtajj  =1.0  with  the  wing  and 
canard  set  at  their  respective  zero  lift  angles  of  attack. 

Load  functions  #4  through  #7  describe  the  span  loads  induced  by  individual  1 degree 
deflections  of  the  flaps  #1  through  #4  with  canard,  wing,  and  tail  each  operating  at  zero 
lift. 

Any  rigid  airplane  load  distribution  is  the  result  of  linear  combinations  of  the  above  eight 
mode  shapes.  For  the  present  analysis  the  individual  lift  contributions  of  the  wing, 
canard,  and  tail,  the  deflection  angles  of  the  four  flaps,  and  the  wing  twist  have  been 
selected  as  the  eight  primary  variables.  In  most  analyses  the  wing  twist  will  be  held 
constant,  unless  wing  twist  is  to  be  altered  by  a proportionality  factor. 
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Approach  to  Complex  Span  Load  Function  Synthesis 


Tasks  for  the  Aerodvnamicist; 

-Break  the  airplane  configuration  into  geometric  features  which  will  be  changed 
(angle  of  attack,  control  surface  deflections,  flap  deflections,  aeroelastic 
deformations), 

-Identify  surfaces  for  which  the  local  lift  does  not  vanish  if  the  overall  lift  of  all 
individual  surfaces  is  zero  (wing  twist).  These  are  separate  features. 

Tasks  for  CFD  analysis: 

-Find  the  span  loads,  induced  drag,  moments,  and  geometry  changes  associated 
with  each  of  the  above  N features,  setting  all  other  features  to  zero, 

-Find  the  induced  drag  values  for  all  linear  combinations  of  two  features  at  a time. 

-Process  CFD  results  to  define  small  the  influence  matrices  which  will  fully  describe 
the  lift,  drag,  and  pitching  moment  characteristics  of  the  airplane,  together  with  the 
associated  geometry  changes  (angle  of  attack,  control  surface  deflections). 


N = Number  of  mode  shapes  identified 

(N*(N  + l))/2  = Number  of  CFD  solutions  to  be  found 
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Identification  of  the  number,  N,  of  mode  shapes  needed  to  describe  the  load  distribution 
about  a complex  airplane  configuration  is  the  main  task  for  the  aerodynamicist.  It 
requires  a certain  amount  of  experience.  Nearly  always  will  it  be  necessary  to  analyze  a 
configuration  were  the  wing  is  twisted  and  cambered.  A second  ‘planarized’ 
configuration  also  be  necessary  in  order  to  be  able  to  completely  isolate  the  mode  shapes. 
This  will  be  explained  further  in  the  next  slide. 

Once  the  number  and  types  of  mode  shapes  has  been  established,  CFD  analyses  will  be 
required  to  obtain  the  induced  drag,  moments  and  incidence  changes  associated  with  each 
individual  mode  by  itself.  All  combinations  of  pairs  of  modes  need  to  be  analyzed  to 
obtain  the  induced  drag  interaction  terms  between  the  mode  shapes.  Thus  (N*(N+l))/2 
cases  will  have  to  be  processed. 

The  induced  drag  most  likely  will  obtained  from  a Trefftz  plane  analysis  which  yields  a 
single  number:  The  drag  of  the  entire  configuration.  The  induced  drag  interaction  terms 
are  found  by  subtracting  the  isolated  drag  of  each  of  the  two  individual  mode  shapes  from 
the  drag  value  obtained  for  the  two  mode  shapes  combined.  This  interaction  value 
contains  the  all  mutual  interference  effects  between  the  two  modes.  Only  a near  field 
drag  analysis  could  provide  information  about  the  interference  drag  experienced  by  each 
individual  component  separately.  However,  this  information  is  generally  not  needed. 
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Twisted  and  ‘Planarized’  Airplane  Configuration  for  CFD  Analysis 


Twisted  configuration  to  obtain  interaction 
between  Span-Load-due-to-Twist  with 
other  planar  mode  shapes. 
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‘Planarized’  configuration  for  analyses  of 
mode  shapes  which  arc  independent  of 
twist  and  camber. 

Note:  Only  twist  and  camber  are  removed. 
Dihedral  and  spacing  between  lifting 
surfaces  must  be  retained* 
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The  majority  of  the  mode  shapes  describe  wing  plan  form  effects  and  thus  require  a 
planar  wing  arrangement  for  the  analysis.  The  ‘planarized’  wings  must  have  twist  and 
camber  removed,  but  wing  dihedral  and  the  vertical  spacing  between  wings  must  be 
maintained  and  represent  the  trailing  vortex  arrangement  in  the  Trefftz  plane.  In  the 
example  shown  only  the  main  wing  was  cambered. 

The  twisted  / cambered  configuration  analysis  yields  the  zero  lift  span  load  due  to  twist 
and  the  pitching  moment  associated  with  twist  and  camber.  Also,  the  change  in  the 
aerodynamic  surfaces  angles  of  zero  lift  due  to  twist  and  camber  will  be  a result  of  the 
nonplanar  analysis. 
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CFD  Code  Requirements 


The  CFD  code  must  be  able  to: 

• Generate  solutions  for  pure  mode  shapes 

• Generate  solutions  containing  combinations  of  two  pure  mode  shapes 

• Accurately  compute  induced  drag 

• Compute  lift  and  moments 

• Provide  the  relationship  between  the  mode  shape  and  the  necessary  changes  to 
the  configuration  geometry 

Boeing  A372  vortex  lattice  code  is  well  suited: 

• Fully  3-dimensional 

• Arbitrary,  multi-surface  configurations 

• Mixed  design  and  analysis  boundary  conditions 

• Constrained  induced  drag  minimization 

• Multiple  solutions  (RHS)  in  one  run 

• Only  2 runs  needed  (‘planarized’  and  twisted  configuration) 

Post  Processor: 

• Convert  CFD  results  into  influence  coefficient  matrices  describing  lift,  drag, 
moments  as  function  of  N mode  shapes 

• Evaluate  matrices,  provide  capability  for  constrained  optimization 
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In  principle,  any  CFD  code  which  yields  sufficiently  accurate  induced  drag  information 
can  be  used  for  the  mode  shape  analyses.  However,  isolation  of  the  mode  shapes  will 
prove  quite  cumbersome  if  the  code  does  not  have  some  design  capability. 

For  the  present  analyses  the  Boeing  A372  vortex  lattice  code  has  been  applied.  The  code 
has  extensive  design  capability  allowing,  for  example,  a direct  solution  for  the  incidence 
angles  needed  which  yield  a prescribed  canard  lift  coefficient,  CLcanard  = 1.0,  while 
maintaining  zero  lift  on  the  wing  and  the  horizontal  tail,  respectively.  A372  has  the 
capability  to  simultaneously  process  many  flow  conditions  by  introducing  multiple  right 
hand  sides  to  the  system  of  linear  equations  to  be  solved.  Therefore,  all  planar  wing 
mode  shapes  and  their  interactions  can  be  obtained  in  a single  computer  run.  However, 
twisted/cambered  configurations  involve  a different  geometry  and  thus  require  a second 
analysis  run.  The  codes  constrained  design  and  induced  drag  optimization  techniques  are 
described  in  “Vortex-Lattice  Utilization’,  NASA  SP-405, 1976.  For  the  present 
application  the  code  has  been  slightly  modified  to  create  data  files  which  can  be  read  by 
the  WMFFIT  computer  program. 

WMFFTT  is  the  program  which  generates  and  operates  on  the  small  aerodynamic  model 
constructed  from  the  CFD  analyses.  It  can  be  used  to  trim  a configuration  in  pitch, 
minimize  induced  drag  subject  to  constraints,  and  to  synthesize  span  loads. 


2242 


Induced  Drag,  Orientation  Change,  and  Pitching  Moment 
Influence  Coefficients  from  A372  CFD  Analysis 


Induced  Drag  Influence  Coefficients: 


Matrix  Reference  Conditions: 


Wing  CL 

.136271 

Wing  Area  7100  ft2 

Canard  CL 

.264612 

.325600 

CG  @ 50%  MAC  2106  in 

Tail  CL 
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1.756640 

Lift  Coeff.  CL  1.0 

11  Flap 
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•2  Flap 
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-.000002 
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.000006 

Wing  Twist 

.000808 

-.001454 

.008812 
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-.000028 
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Wing  CL 
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canard  CL 
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Tail  CL 
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#1  Flap 

#2  Flap 

#3  Flap 

14  Flap 

Wing  Twist] 
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20.628020 

-1.730010 

.876703 
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#2  Flap  « 
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-.063145 
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#4  Flap 

Wing  Twist 
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The  three  matrices  shown  fully  describe  the  Ref.H  configuration  induced  drag, 
aerodynamic  surfaces  orientation  angles  required,  and  the  associated  pitching  moment 
characteristics  as  a function  of  the  eight  primaiy  variables  which  include  a canard  and  tail 
surface  for  pitch  control.  Isolated  canard  or  tail  configurations  are  obtained  by 
prescribing  zero  lift  for  the  unwanted  control  surface. 

The  diagonal  of  the  drag  matrix  defines  the  influence  of  each  primaiy  variable  on  itself. 
Some  of  the  off-diagonal  interaction  terms  carry  a negative  prefix,  indicating  a favorable 
interference  between  two  components. 

The  angle  of  attack  influence  coefficients  describe  the  angle  of  each  aerodynamic  surface 
relative  to  the  free  stream  velocity  vector  as  a linear  function  of  the  eight  primary 
variables.  Canard  upflow  and  tail  down  wash  angles  are  easily  derived  from  this  table. 

The  pitching  moment  values  shown  in  the  table  have  been  computed  relative  to  MAC  = 
50%.  For  other  moment  reference  points  the  moment  transfer  has  to  be  calculated  for  the 
three  lift  force  carrying  surfaces  only.  The  flaps,  wing  twist  and  camber  generate  pure 
moments  and  thus  contribute  only  to  CMq  . 
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Applications  of  WMFFIT  Aerodynamic  Model 


• Quick  evaluation  of  trimmed  airplane  induced  drag  characteristics 


• Constrained  minimization  of  induced  drag 


• Analysis  of  Ref.H  NASA437  wind  tunnel  data 


The  next  slides  will  show  some  of  the  capabilities  of  WMFFIT.  However,  the  main 
emphasis  will  be  placed  on  the  analysis  of  the  NASA437  wind  tunnel  data  and  the 
evaluation  of  different  methods  for  pitch  trim. 
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Circulation  I Trimmed  CL 


Example  of  WMFFIT  Applications  to  Airplane  Trim  and  Induced  Drag 

Optimization 


High  Drag  Emergency  Descent: 


Flap  Schedule: 
20/-20/20/-20 


20/20/-20/-20 

Wing  Area  (A„,) 
Mean  Chord  (C„r) 
CG  @ 50%  MAC 
Canard  Area 
Canard  Arm 
Hor.Tail 
Tail  Arm 


Ik 


Spanwise  Load  Distribution,  CL=0.48 


7100  ft2 
1032  in 
2106  in 
360  ft2 
1390  in 
700  ft2 
1193  in 


Trimmed  Airplane  ( Flaps  10/15): 


Spanwise  Load  Distribution 
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Emergency  descent  from  high  altitudes  is  one  of  the  few  instances  when  high  drag  is 
desirable.  A Ref.H  3-surface  configuration  was  analyzed  using  different  trailing  edge 
flap  schedules  for  the  creation  of  large  values  of  induced  dra£.  Somewhat  as  a surprise, 
alternating  between  upward  and  downward  flap  deflection  angles  produces  less  drag  than 
deflecting  the  inboard  flaps  downward  and  the  outboard  flaps  upward.  A physical 
explanation  for  this  finding  is  that  the  latter  configuration  reduces  the  effective  wing  span 
with  most  of  the  load  carried  inboard.  The  span  reduction  is  more  effective  at  creating 
drag  than  the  ragged  span  load  created  by  an  alternating  flap  deflection  schedule. 

The  second  example  illustrates  the  pit  falls  common  to  numerical  optimization.  In  the 
left  hand  case  the  lift  of  the  wing,  CLwjng  = 0.49,  was  prescribed  as  a constraint.  The 
second  constraint  was  that  the  airplane  be  optimally  trimmed  using  the  canard  and  the 
tail.  Minimum  induced  drag  occurs  when  both  the  canard  and  the  tail  carry  a significant 
downward  load,  thus  reducing  the  airplane  overall  lift:  A correct,  but  not  a practical 
result! 

A better  solution  is  found  when  the  airplane  overall  lift  is  prescribed  and  the  optimizer 
can  distribute  the  lift  between  the  three  aerodynamic  surfaces.  This  example  illustrates 
the  inherent  difficulty  of  arriving  at  the  best  load  split  for  tri-surface  configurations. 
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Ref.H  NASA437  Wind  Tunnel  Data  Analysis 


• Isolated  wing  induced  drag 

• Pitch  trim  of  isolated  wing  using: 

Conventional  Tail 

High  Aspect  Ratio  Canard 

Tri-Surface 

• Lift  carried  by  control  surfaces 

• Changes  in  induced  drag  due  to  pitch  trim 

• Changes  in  wing  viscous  drag  due  to  control  surfaces  lift 

• Canard  & Conventional  Tail  trimmed  L/D 

• Effect  of  Center  of  Gravity  location 

Note:  Control  surface  viscous  drag  contributions  have  been  ignored 


Analysis  of  the  NASA437  wind  tunnel  data  is  broken  down  into  a series  of  steps  which 
are  outlined  above.  It  is  important  to  note  that  no  allowance  has  been  made  for  the 
viscous  drag  of  the  canard  or  the  horizontal  tail.  Also,  all  induced  drag  analyses  are  based 
on  potential  flow.  Loss  of  leading  edge  suction  due  to  flow  separation  is  treated  as  part  of 
the  configuration  viscous  drag. 
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Induced  Drag  Penalty  Due  to  Nonelliptic  Wing  Span  Load  Distribution 
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Untrimmed  Wing  Lift  Coefficient 


W.M.Feifel  Feb.97 


The  induced  drag  of  the  isolated  wing  is  seen  to  increase  with  larger  inboard  trailing  edge 
deflection  angles.  This  increment  is  associated  with  the  more  triangular  span  load.  The 
outboard  flap  downward  deflection  is  probably  beneficial  as  it  counteracts  the  wing 
washout  due  to  twist  and  the  nonelliptic  load  inherent  to  the  delta  wing  planform. 

Isolated  wing  induced  drag,  CDi  wing  rather  than  elliptic  induced  drag  will  be  used  as 
reference  in  the  subsequent  analyses.  This  choice  was  made  because  the  basic  wing  shape 
and  the  flap  settings  tested  were  treated  as  given. 
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Trimmed  Airplane  Control  Surfaces  Lift  Coefficient 


cmrxp  chunt  cpithi  versus  colift 
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Wing  Area  (A^f)  7100  ft3 

Mean  Chord  (Q*)  1032  in 
CG  @ 50%  MAC  2106  m 
Canard  Area  360  ft2 

Canard  Arm  1390  in 
Hor.Tail  700  ft3 

Tail  Ann  1193  in 


Trim  Procedure: 


1)  Compute  wing  alone  theoretical 
pitching  moment,  CM50  w 

2)  Determine  ACM  = CMS0  «p  - CM50  w 

3)  Prescribe  ACM  as  residual  to  airplane 
potential  flow  trimming  procedure 


Untrimmed  Wing  Lift  Coefficient 
Trimmed  Airplane  Lift  Coefficient 


l-rZB-97  99;  34: 37 
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The  figure  shows  the  tail-off  measured  pitching  moment  and  the  wing  alone  pitching 
moment  predicted  by  theory.  The  excellent  agreement  between  theory  and  experiment  at 
CLwing  = 0.55  must  be  considered  somewhat  fortuitous.  All  experimental  pitching 
moment  curves  are  quite  nonlinear,  an  indication  of  significant  viscous  effects. 

The  nonlinear  pitching  moment  characteristics  are  accounted  for  in  the  WMFFIT  pitch 
trim  process  by  prescribing  residuals  which  correspond  to  the  differences  between  the 
wing  alone  experimental  and  theoretical  pitching  moment  values.  This  guarantees  that 
the  trimming  surfaces  carry  loads  commensurate  to  trim  experimental  pitching  moments, 
while  accurately  calculating  the  induced  drag  increments  due  to  trim  lift  forces. 
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Trimmed  Airplane  Control  Surfaces  Lift  Coefficient 
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Trimmed  Airplane  Lift  Coefficient 


7100  ft3 
1032  in 
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The  figure  shows  the  variation  of  control  surface  trim  lift  as  a function  of  airplane 
trimmed  lift  coefficient.  The  trim  loads  become  smaller  a higher  airplane  lift  coefficients 
because  of  the  pitch  up  tendency  of  the  wing.  It  should  be  noted  that  the  canard  carries 
upward  lift,  while  the  conventional  configuration  tail  carries  a significant  downward  load. 
Induced  drag  optimization,  which  is  only  possible  for  the  tri-surface  configuration  with 
it’s  additional  degree  of  freedom,  yields  that  most  of  the  trim  force  should  be  generated 
by  the  canard. 
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Pitch  Trim  Induced  Drag  Increment 


Wing  Area  (A„f) 
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Trimmed  Airplane  Lift  Coefficient 
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This  figure  shows  the  increments  in  induced  drag  associated  with  three  different  settings 
of  the  two  inboard  wing  flaps.  The  trimmed  airplane  induced  drag  increment  over  that  of 
the  isolated  wing  operating  at  the  airplane  lift  coefficient  is  seen  to  be  rather  large  in  the 
case  of  the  conventional  tail  configuration.  Also,  tail  trim  drag  is  seen  to  be  a strong 
function  of  the  inboard  flap  deflection  angle.  In  contrast,  the  canard  and  the  tri-surface 
configuration  experience  virtually  no  induced  drag  penalty  due  to  trimming  over  the 
whole  range  of  flap  settings  and  lift  coefficients. 
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Tail  - Off  Viscous  Drag 
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Assuming  that  the  wing  isolated  induced  drag,  CDi  wing , is  known  with  sufficient 
accuracy,  the  Ref.H  tail  off  viscous  drag,  CDp , has  been  obtained  as  the  difference 
between  the  measured  drag  and  theoretical  induced  drag.  Ideally,  CDp  should  be  nearly 
independent  of  airplane  lift  and  closely  correspond  to  flat  plate  skin  friction. 

The  present  data,  however,  show  a strong  lift  dependence  of  the  airplane  tail-off  viscous 
drag  which  must  be  caused  by  flow  separation  or  the  formation  of  leading  edge  vortices. 
Consequently,  there  will  be  a significant  viscous  drag  penalty  if  the  wing  is  forced  to 
generate  extra  lift  to  compensate  for  a tail  downward  load.  Conversely,  the  wing  viscous 
drag  will  be  reduced  if  part  of  the  airplane  lift  is  carried  by  a canard  - assuming  that  the 
canard  viscous  drag  is  still  small. 
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Change  in  Wing  Viscous  Drag  Due  to  Control  Surfaces  Trim  Lift 
/wwy/w  — 


Wing  Area  (A^)  7100  ft2 

6VITRI  wicfti  &VI3PT  versus  colift  Mean  Chord  (C^)  1032  in 


At  a trimmed  airplane  lift  coefficient  of  CL  = 0.55  the  added  wing  lift  needed  to 
compensate  for  the  horizontal  tail  down  load  is  seen  to  cause  a 20  count  wing  viscous 
drag  increment.  Conversely,  trimming  by  a canard  reduces  the  amount  of  lift  carried  by 
the  wing  and  results  in  a 10  count  viscous  drag  savings  compared  to  the  untrimmed 
isolated  wing  at  CLwing  = 0.55.  Because  of  the  highly  nonlinear  viscous  drag  polar  shape 
of  the  wing,  the  canard  drag  savings  are  smaller  than  the  viscous  drag  increments 
associated  with  a download  carrying  horizontal  tail. 

Only  at  lift  coefficients  above  the  airplane  normal  operating  range  does  the  tri-surface 
configuration  offer  drag  savings  which  are  appreciably  higher  than  those  of  a canard. 

It  must  be  noted  that  the  wing  viscous  drag  characteristics  used  for  the  above  estimates 
are  solely  based  on  the  tail-off  wind  tunnel  data.  No  allowance  was  made  to  account  for 
changes  in  viscous  drag  due  the  variation  in  wing  span  load  induced  by  the  canard.  Also, 
changes  in  CG-Iocation  will  modify  the  trim  loads  and  consequently  affect  both  the 
induced  and  viscous  trim  drag  increments. 
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Comparison  of  Conventional  Tail  and  Canard  Trimmed  L/D 

j0£J&/Xf£Z  11  — 1 


Lift  Coefficient 


Lift  Coefficient  W.M.Feifel  Feb.97 


The  left  hand  diagram  shows  the  L/D  characteristics  as  measured  in  the  wind  tunnel  for 
the  tail-off  airplane.  In  the  right  hand  diagram  predicted  trimmed  airplane  performance 
characteristics  are  presented  for  both  a canard  and  a conventional  tail  configuration.  The 
viscous  drag  of  the  canard  and  tail  surfaces  themselves  are  assumed  to  be  small  and  are 
not  included  in  the  above  estimates.  This  assumption  will  most  likely  not  change  the 
overall  ranking  between  the  configurations. 

As  explained  before,  the  significant  performance  advantage  of  the  canard  over  a 
conventional  tail  stems  only  to  small  extent  from  savings  in  induced  drag.  The  majority 
of  the  performance  benefits  identified  for  this  particular  airplane  configuration  are  the 
result  of  savings  in  wing  viscous  drag.  If  the  wing  viscous  drag  level  were  independent 
of  wing  lift,  the  differences  between  canard  and  conventional  tail  trim  performance  would 
be  much  less  pronounced. 

Answering  the  question  that  triggered  the  entire  study:  10  degrees  inboard  and  15  degrees 
outboard  appear  to  be  the  best  flap  settings  for  L/D  performance  at  CL  = 0.55. 
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Effect  of  Center  of  Gravity  Location  on  Trimmed  L/D 
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Wing  Area(A^)  7100  ft1 
Mean  Chord  (C«0  1032  in 
CG  @ 50%  MAC  2106  in 
Canard  Area  360  ft1 
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The  location  of  the  center  of  gravity  is  seen  to  have  a significant  impact  on  the 
performance  of  the  Ref.H  configuration  trimmed  by  a conventional  tail.  Flying  the 
airplane  more  unstable  by  moving  the  CG  aft  significantly  improves  performance. 
However,  this  performance  gain  is  entirely  the  result  of  reduced  down  load  on  the  tail. 

The  L/D  performance  of  the  canard  configuration  is  significantly  less  affect  by  changes  in 
CG  position.  Moving  the  CG  forward  increases  static  stability  and  improves 
performance.  Limits  to  the  aerodynamic  load  carrying  capability  will  severely  restrict  the 
amount  of  CG  travel  that  can  be  accepted. 

The  tri-surface  arrangement  seems  to  be  least  sensitive  to  CG  position. 

The  above  graphs  consider  only  static  pitch  trim.  No  checks  have  been  performed  to 
verify  that  the  maximum  possible  control  surface  lift  coefficients  have  not  been  exceeded, 
or  to  assure  that  the  configuration  is  not  too  stable  or  too  unstable. 
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Conclusions 


• WMFFIT  reduces  computer  usage  by  orders  of  magnitude 

• Trim  procedure  used  fully  accounts  for  changes  in  induced  drag  and  wing  viscous  drag 

• At  CL  = 0.55  Conventional  Tail  trim  drag  increment  consists  of  1/3  induced  drag  and  2/3  of 
increased  wing  viscous  drag 

• At  CL  = 0.55  Canard  trim  does  not  change  induced  drag  and  decreases  wing  viscous  drag 

• At  CL  = 0.55  Canard  is  better  than  Conventional  Tail  by  AL/D  = 0.7 

• Only  small  benefits  over  a Canard  have  been  found  for  Tri-Surface  configuration 

• Compared  to  Conventional  Tail  configurations  trim  drag  of  Canard  and  Tri-Surface 
configurations  is  less  sensitive  to  CG  location 


The  comprehensive  trim  drag  study  required  numerous  evaluations  of  different 
configurations  and  load  distributions.  Without  the  simplifications  afforded  by  use  of  the 
WMFFIT  procedure  the  work  load  would  have  been  prohibitive. 

The  detailed  analysis  of  the  wind  tunnel  data  clearly  showed  that  for  this  particular 
configuration  superior  L/D  performance  can  be  achieved  using  a canard  as  the  pitch  trim 
device.  However,  the  study  also  indicated  that  this  significant  performance  gain  is  to  a 
large  extent  caused  by  the  poor  viscous  drag  characteristics  of  the  wing  and  thus  should 
not  be  interpreted  as  inherent  superiority  of  a canard  as  pitch  trim  device. 
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Future  Additions  to  WMFFIT  Method 


jErcrjFSAu;  . — " .1.1  — 

• Modify  induced  drag  matrix  to  account  for  viscous  effects  (Oswald  efficiency  factor) 

• Improve  accuracy  of  Trefftz  plane  induced  drag  influence  coefficients 

• Include  equivalent  flap  deflection  angles  to  account  for  viscous  effects  on  flap  efficiency 

• Include  rolling  moment,  yawing  moment,  and  hinge  moment  influence  coefficients 

• Include  aeroelasticity 

« control  reversal 
•divergence 

• Add  non-equality  constraints  to  optimization  procedure 


At  present,  WMFFIT  computes  only  induced  drag.  The  dominant  coefficients  in  the 
induced  drag  matrix  could  be  adjusted  to  account  for  viscous  effects  and  the  loss  of 
leading  edge  suction.  These  semi  empirical  adjustments  would  most  likely  be  valid  only 
over  a limited  lift  or  angle  of  attack  range,  but  would  guarantee  more  realistic  results  in 
the  prime  region  of  interest. 

Accurate  determination  of  the  induced  drag  associated  with  arbitrary  load  distribution  is  a 
nontrivial  task.  Improvements  in  accuracy  over  that  achievable  by  the  A372  concentrated 
trailing  vortex  model  appears  to  be  a realistic  goal. 

Flap  deflection  angles  could  be  empirically  adjusted  to  account  for  the  loss  in  flap 
effectiveness  at  high  deflection  angles  due  to  viscous  effects. 

The  concepts  employed  by  the  present  pitch  trim  method  can  be  easily  adapted  to  include 
roll  and  yaw,  and  to  determine  hinge  moments. 

Assuming  the  availability  of  a structures  model,  influence  coefficients  could  be  generated 
to  fully  account  for  aeroelastic  effects.  This  would  allow  the  assessment  of  control  surface 
divergence  and  divergence. 

At  present,  the  optimization  procedure  accepts  only  equality  constraints.  Introduction  of 
inequality  constraints  would  further  enhance  the  power  of  the  method. 
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Outline 


• Introduction 

• HEAT  1 Test  Overview 

- Objectives  and  Approach 

- Summary  of  Results 

• HEAT  1 A Test  Overview 

- Objectives  and  Approach 

- Measurements  and  Test  Techniques 

• Additional  Objectives  to  HEAT  1 A Test 

- Large-Scale  Geometric-Fidelity  Objectives 

• Summary 


The  outline  of  the  presentation  is  as  follows: 

• Introduction 

• HEAT  1 Test  Overview 

- Objectives  and  Approach 

- Summary  of  Results 

• HEAT  1 A Test  Overview 

- Objectives  and  Approach 

- Measurements  and  Test  Techniques 

• Additional  Objectives  to  HEAT  1A  Test 

- Large-Scale  Geometric-Fidelity  Objectives 

• Summary 
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NASA-Ames  Research  Center,  Boeing,  Douglas  Aircraft  Corp., 
Lockheed-Georgia,  General  Electric,  NASA-Lewis  Research  Center 


HEAT  40x80  ft.  Wind-Tunnel  Tests 
• HEAT  1 Isolated  Nozzle  test 

- GE  Gen  1 2-D  mixer-ejector  nozzle 

- Measured  isolated  aeroacoustic  performance  of  nozzle 
for  HEAT  1 Installed  test 

- Summer  ‘94 


* HEAT  1 Installed  Semi-Span  Test 

- 13.5%  Semi-Span  Boeing  Reference  H model 

- Gen  1 2-D  mixer-ejector  nozzle 

- Feb.  - May  1995 


• HEAT  1 A Isolated  Nozzle  test 

- GE  Gen  1 2-D  mixer-ejector  nozzle 


• HEAT  1 A Installed  Semi-Span  Test 

- 13.5%  Semi-Span  Boeing  Reference  H model 
- Gen  1 2-D  mixer-ejector  nozzle 


The  NASA  High-Speed  Research  program  developed  the  High-Lift  Engine  Aeroacoustics 
Technology  (HEAT)  program  to  demonstrate  satisfactory  interaction  between  the  jet  noise 
suppressor  and  high-lift  system  of  a High-Speed  Civil  Transport  (HSCT)  configuration  at 
takeoff,  climb,  approach  and  landing  conditions.  One  scheme  for  reducing  jet  exhaust  noise 
generated  by  an  HSCT  is  the  use  of  a mixer-ejector  system  which  would  entrain  large 
quantities  of  ambient  air  into  the  nozzle  exhaust  flow  through  secondary  inlets  in  order  to  cool 
and  slow  the  jet  exhaust  before  it  exits  the  nozzle.  The  effectiveness  of  such  a noise 
suppression  device  must  be  evaluated  in  the  presence  of  an  HSCT  wing  high-lift  system 
before  definitive  assessments  can  be  made  concerning  its  acoustic  performance.  In  addition, 
these  noise  suppressors  must  provide  the  required  acoustic  attenuation  while  not  degrading 
the  thrust  efficiency  of  the  propulsion  system  or  the  aerodynamic  performance  of  the  high-lift 
devices  on  the  wing.  Therefore,  the  main  objective  of  the  HEAT  program  is  to  demonstrate 
these  technologies  and  understand  their  interactions  on  a large-scale  HSCT  model. 

The  HEAT  program  is  a collaborative  effort  between  NASA-Ames,  Boeing  Commercial 
Airplane  Group,  Douglas  Aircraft  Corp.,  Lockheed-Georgia,  General  Electric  and  NASA  - 
Lewis.  The  suppressor  nozzles  used  in  the  tests  were  Generation  1 2-D  mixer-ejector  nozzles 
made  by  General  Electric.  The  model  used  was  a 1 3.5%-scale  semi-span  model  of  a Boeing 
Reference  H configuration.  The  tests  performed  under  the  HEAT  program  are  listed  as 
follows: 

- HEAT  1 Isolated  Nozzle  test 

- HEAT  1 Installed  Semi-Span  test 

- HEAT  1A  Isolated  Nozzle  test 

- HEAT  1 A Installed  Semi-Span  test 

All  the  tests  were  performed  in  NASA-Ames'  40-  by-80  ft.  Wind-Tunnel  Facility. 
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First  HEAT  Entry  (HEAT  1) 

Installation  effects  from  inboard  mixer-ejector  nozzle 

• Nozzle  mixer-ejector  entrained-flow  effects  on 
high-lift  system  performance 

• Aerodynamic  effects  on  installed  noise  suppressor 
performance 

• Wing  and  Trailing-Edge  Flap  pressures 

• Mixer-ejector  inflow  distortion 

• Acoustic  signature 


HEAT  1 Test  Overview 

HEAT  1 was  the  first  entry  of  the  13.5%  Boeing  Reference  H semi-span  model.  The 
model  was  equipped  with  an  inboard  jet  flow  simulator  (JFS)  and  fitted  with  GE’s  2D 
suppressor,  mixer-ejector  nozzles.  The  outboard  station  was  configured  with  a flow- 
through nacelle.  The  JFS  system  was  supplied  with  high-pressure  air  and  heated  with  a 
propane/burner  system  that  provided  high-temperature  flows  and  representative  nozzle 
pressure  ratios.  The  Hot-Aeroacoustic  Model  (HAM)  nozzle  was  used  for  the  hot-flow 
aeroacoustic  runs.  The  Cold-Aerodynamic  Model  (CAM)  nozzle  was  used  for  the  cold-flow 
aerodynamic  runs.  Also  the  CAM  nozzle  was  instrumented  with  a higher  density  of  static 
pressures,  total  pressures  and  temperature  gages  than  the  HAM  nozzle. 

The  purpose  of  the  HEAT  1 test  was  to  examine  the  installation  effects  of  the  mixer- 
ejector  nozzles  integrated  with  the  wing  high-lift  systems.  Both  the  effects  of  the  airframe 
flowfield  on  the  acoustic  performance  of  the  suppressor  nozzle  and  the  effects  of  the 
nozzle’s  secondary  inlet  flows  on  the  aerodynamic  performance  of  the  wing  high-lift 
systems  were  the  primary  focus  of  the  investigation.  In  addition,  the  local  flowfield  over 
the  wing  and  flaps  was  closely  examined.  Static  pressure  taps  over  the  wing  and  flaps 
were  used  to  study  the  leading-edge  vortex  trajectories  and  trailing-edge  flap  flows. 
Boundary-layer  rakes  upstream  of  the  nozzle’s  secondary  inlets  provided  a measure  of 
mixer-ejector  inflow  distortion. 
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HEAT  1 Objectives  and  Approach 

Test  Objectives 

• Determine  installation  effects  on  high-lift  system  performance  and 
noise  suppressor  performance 

• Overwing  pylon  fin  effects 

• Acoustic  fatigue  and  cabin  noise  measurements 

• Horizontal  tail  effectiveness  and  plume  impingement 


Approach 

• Isolated  test  of  suppressor  nozzles 

• 13.5%-scale  semi-span  model  of  Boeing  HSCT  Ref  H configuration 

• Inboard  nacelle  powered  by  propane-fueled  jet  flow  simulator 

• Outboard  flow-through  nacelle 

• Traversing  microphones  and  acoustic  array 


Schedule 

• February  - May  1995  (385  runs) 


The  objectives  of  the  HEAT  1 test  were  as  follows: 

• Determine  installation  effects  on  high-lift  system  performance  and 
noise  suppressor  performance 

• Overwing  pylon  fin  effects 

• Acoustic  fatigue  and  cabin  noise  measurements 

• Horizontal  tail  effectiveness  and  plume  impingement 

The  approach  of  the  test  consisted  of  first  measuring  the  noise  suppression  of  the  nozzles 
in  isolation  and  then  integrating  the  nozzles  on  to  the  13.5%-scale  Boeing  HSCT  Ref  H 
semi-span  model.  The  inboard  nacelle  was  powered  by  a propane-fueled  jet  flow 
simulator.  The  outboard  station  was  fitted  with  a flow-through  nacelle.  Traversing 
microphones  and  an  acoustic  array  were  used  to  measure  the  near-field  and  far-field 
acoustic  signatures. 

The  HEAT  1 test  was  performed  during  Feb-May  1995  and  gathered  data  for  385  runs. 
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Summary  of  HEAT  1 Faults  jj 

Kev  Aero-Performance  Findings 

• Beneficial  Aero-Performance  installation  effect 

- Favorable  effect  on  drag  for  most  configurations 
(up  to  20  counts  at  nominal  conditions) 

- Positive  increment  on  L/D  varying  from  0.3  to  0.1 5 DL/D 
at  nominal  conditions  (3.6%  to  1 .8%  of  L/D  at  a=10°) 

• Data  repeatability  was  ACD=±0.001 5 and  AL/D=±0.1 1 5 

• Local  flowfield  pressure  data  also  revealed  supporting  evidence 
of  this  beneficial  effect  on  aerodynamic  performance 

• Flow-visualizations  tufts  showed  dramatic  increase  in  flow  angularity 
at  outboard  secondary  inlet  location  for  10°<a<14° 

Kev  Acoustics  Findings 

* 1 to  2.3  EPNdB  installation  effect 

• Jet  noise  shows  to  be  function  of  flap  deflection 


Summary  of  Results 

The  HEAT  1 test  results  showed  a beneficial  aerodynamic  performance  installation  effect 
for  most  configurations.  This  beneficial  effect  showed  a decrease  in  drag  of  up  20  counts 
and  an  increase  in  lift-to-drag  ratio  of  0.3  to  0.15  at  nominal  conditions.  Further  evidence 
of  this  beneficial  effect  on  aerodynamic  performance  was  supported  by  examination  of  the 
local  flowfield  pressure  data.  The  installation  effect  on  acoustic  suppression  showed  a loss 
in  suppression  on  the  order  of  1 to  2.3  EPNdB.  A complete  description  of  these  results 
can  be  found  in  Brian  Smith’s  et  al  paper  entitled,  “Summary  of  HEAT  1 Aeroacoustics 
Installation  Effects”,  presented  at  last  year’s  HSR  Configuration  Aerodynamics  Workshop, 
Feb.  27-29, 1996. 

Although  the  results  of  the  test  showed  much  evidence  of  a beneficial  installation  effect  on 
aerodynamic  performance,  these  results  were  hampered  by  the  large  uncertainties  in  the 
balance  data.  Repeat  runs  of  the  data  showed  uncertainties  in  the  data  of  ±1 5 counts  in 
drag  coefficient  and  ±0.1 1 5 in  lift-to-drag  ratio.  It  was  concluded  that  in  order  to  verify  the 
results  of  the  first  test,  a second  entry  of  HEAT  model  should  be  performed  and  the 
accuracy  of  the  drag  measurements  should  be  improved.  In  addition,  the  flow-visualization 
tufts  showed  a dramatic  increase  in  flow  angularity  at  the  outboard  secondary  inlet  location 
for  angles-of-attack  greater  than  10  deg.  This  increase  in  flow  angularity  could  lead  to 
greater  installation  effects  at  the  outboard  nacelle  station.  Therefore,  it  was  justified  that 
the  installation  effect  at  the  outboard  nacelle  should  be  further  examined  during  the  second 
entry  of  the  HEAT  model. 
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The  second  entry  of  the  HEAT  model  or  the  HEAT  1 A test  will  examine  the  installation 
effects  from  two  mixer-ejector  nozzles  integrated  with  an  HSCT  wing  and  high-lift 
system.  Similar  to  the  first  entry,  the  main  purpose  of  the  test  is  to  determine  the 
effects  of  the  nozzle  mixer-ejector  entrained  flow  on  aerodynamic  performance. 
However,  unlike  the  first  test,  there  will  be  no  acoustic  measurements  taken  in  this 
test.  This  was  decided  based  on  the  lack  of  technical  justification,  program  priority  and 
budget  limitations. 
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HEAT  1 A Test  Objectives  | 

• Improve  accuracy  of  drag/thrust  measurements 

• Evaluate  high-lift  performance  increments  due  to  jet  flow  entrainment 
from  2 powered  mixer/ejector  nozzles 

• Determine  the  nozzle  aerodynamic  performance  effects  due  to  interactions 
between  the  high-lift  system  and  jet  suppressors 

• Investigate  the  local  flowfield  in  the  vicinity  of  the  secondary  inlets  to 
better  understand  the  interactions  between  the  two  flowfields 

• Measure  hinge-moments  on  key  high-lift  system  control  surfaces 


The  objectives  of  the  HEAT  1 A test  are  as  follows: 

• Improve  accuracy  of  drag/thrust  measurements 

• Evaluate  high-lift  performance  increments  due  to  jet  flow  entrainment 
from  2 powered  mixer/ejector  nozzles 

• Determine  the  nozzle  aerodynamic  performance  effects  due  to  interactions 
between  the  high-lift  system  and  jet  suppressors 

• Investigate  the  local  flowfield  in  the  vicinity  of  the  secondary  inlets  to 
better  understand  the  interactions  between  the  two  flowfields 

• Measure  hinge-moments  on  key  high-lift  system  control  surfaces 
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HEAT  1 A Test  Approach  j 

Hardware 

• Use  existing  image  plane  and  HEAT  1 semi-span  model 

• Add  a second  jet  flow  simulator  to  the  outboard  station  of  the  HEAT  model 

• Use  existing  HAM/CAM  nozzle  hardware  at  inboard  and  outboard  stations, 
respectively 

Measurement  Accuracy 

• Refurbish  and  re-calibrate  model  support  system 

• Repeat  isolated  nozzle  thrust  performance  test  of  HAM/CAM  nozzles 
to  improve  accuracy  of  thrust-removed  L/D 

• Add  instrumentation  to  image  plane  to  improve  aero  calibration 
(buoyancy,  blockage  and  upwash) 

• Improve  test  techniques  (add  more  repeat  runs,  improve  calibration 
techniques,  etc.) 


The  approach  of  the  HEAT  1 A test  will  be  similar  to  the  first  entry.  The  existing  image 
plane,  model  and  HAM  and  CAM  nozzles  will  be  used  again  in  this  test.  The  only 
change  in  hardware  will  be  the  addition  of  the  outboard  jet  flow  simulator  and  internal 
high-pressure  air  plumbing. 

The  isolated  nozzle  thrust  performance  test  will  be  repeated  to  improve  the  accuracy 
of  the  thrust-removed  lift-to-drag  ratios.  These  lift-to-drag  ratios  are  subtracted  from 
the  installed  data  to  give  give  a net  installation  effect.  Therefore,  in  order  to  improve 
accuracy  on  the  net  results,  it  is  necessary  to  repeat  the  isolated  test  with  the  newly 
refurbished  and  re-calibrated  model  support  system.  In  addition,  the  change  in 
hardware  for  the  outboard  JFS  system  can  also  lead  to  changes  in  isolated  thrust. 
Therefore,  it  is  justified  to  repeat  this  test  in  an  effort  to  improve  accuracy  as  best 
possible. 

In  order  to  improve  the  aerodynamic  calibration  of  the  buoyancy,  blockage  and 
upwash  of  the  test  section,  instrumentation  will  be  added  to  the  image  plane  and  the 
calibration  for  the  test  section  with  the  image  plane  will  be  recomputed.  The  overall 
test  techniques  for  aerodynamic  calibration  and  repeatability  will  also  be  improved  in 
an  effort  to  improve  accuracy. 
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HEAT  1 A Test  Approach  (cont.) 


Systems 

• Remotely  actuate  trailing-edge  flaps 

• Upgrade  high-pressure  system  to  deliver  required  mass  flow  rates  for 
2 JFS  systems 

Measurements 

• Add  boundary-layer  rakes  to  outboard  nacelle  station 

• Add  hinge-moment  instrumentation  to  outboard  flap  #3 

• Add  pressure  taps  to  outboard  flaps  #3  and  #4  to  determine  hinge-moments 

and  evaluate  spanwise  loading 

• Add  five-hole  probe  to  measure  downwash  angle  at  tail  station  during 
tail-off  runs 

Flow-Visualization 

• Pressure-Sensitive  Paint 

• Fluorescent  Mini-Tufts 


There  will  be  two  systems  added  to  the  HEAT  1 A test.  These  will  include:  (1)  remote 
actuation  of  the  trailing-edge  flaps,  and,  (2)  an  upgraded  high-pressure  system  to 
deliver  required  mass  flow  rates  for  the  2 JFS  systems. 

The  measurements  of  this  test  will  include  all  the  existing  instrumentation  of  the  HEAT 
1 test  and  additional  instrumentation  as  follows: 

- boundary-layer  rakes  on  outboard  nacelle 

- hinge-moment  instrumentation  on  outboard  flap  #3 

- dense  number  of  pressure  taps  on  outboard  flaps  #3  and  #4  to  determine  hinge- 
moments  and  evaluate  spanwise  loading 

- five-hole  probe  at  tail  station  to  measure  downwash  angle  during  tail-off  runs 

Flow-visualization  requirements  will  include  the  use  of  pressure-sensitive  paint  (PSP) 
and  fluorescent  mini-tufts.  The  PSP  will  be  used  as  another  technique  to  evaluate  the 
hinge-moments  on  the  outboard  flaps  and  tail.  PSP  will  also  be  applied  over  upper — 
and  lower  surfaces  of  the  wing  along  with  the  mini-tufts  to  examine  the  leading-edge 
vortex  trajectories  and  trailing-edge  flap  flows. 
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Large-Scale  Geometric-Fidelity  Objectives 

• Leading-Edge  Hingeline  Step  and  Gap  Size  Sensitivity  Study 

• Wing  Crank  Flap  Gap  Sensitivity  Study 

• Flap  Edge/Nacelle  Gap  Study 


Propulsion/ Airframe  Interaction  Objective 
• Main  Engine  Inlet  Distortion  Measurements 


Additional  test  objectives  are  being  proposed  to  be  merged  on  to  the  HEAT  1 A test. 
These  objectives  are  being  proposed  by  the  High-Lift  ITD  team  as  a result  of  their  survey 
with  Tech  Integration,  Configuration  Aero,  Propulsion  Airframe  Integration  and 
Environmental  Impact  ITD  teams.  This  survey  was  conducted  to  determine  what 
additional  technical  objectives  can  be  met  by  large-scale  testing  and  are  needed  by  the 
technical  community  to  reach  the  HSRP  technology  readiness  level  of  6,  This  survey 
was  conducted  as  part  of  the  4 Engine  Propulsion  Airframe  Integration  Configuration 
(4EPIC)  feasibility  study.  From  these  efforts,  it  was  concluded  that  there  was  not  enough 
technical  and  program  justification  for  the  4EPIC  test  but  that  the  program  would  merit 
technically  by  adding  on  more  objectives  to  the  HEAT  1 A test. 


As  a result  of  this  process,  the  following  are  a list  of  technical  objectives  that  can 
potentially  be  added  on  to  the  HEAT  1 A test.  They  can  be  categorized  as  large-scale 
geometric-fidelity  objectives  and  propulsion/airframe  interaction  objectives  as  listed 
below: 


arae-Scale  Geometric-Fidelity  Objectives 
Leading-Edge  Hingeline  Step  and  Gap  Size  Sensitivity  Study 
Wing  Crank  Flap  Gap  Sensitivity  Study 
Flap  Edge/Nacelle  Gap  Study 


• Main  Engine  Inlet  Distortion  Measurements 
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Leading-Edge  Hingeline  & 

Step  and  Gap  Sensitivity  Study  j 

Objective 

Determine  sensitivity  of  configuration  L/D  to  details  of  the 
leading-edge  hingeline  geometry  especially  for  outboard  wing 

Approach 

• Generate  geometry  of  representative  leading-edge  hinge  line 

• Fit  thin  upper  surface  gloves  to  the  leading  edge  of  the  wing 

• Gather  baseline  data  for  smoothly,  faired  flap-to-wing  surface 

• Test  at  two  different  step  sizes 

• Obtain  aeroperformance  data  at  constant  JFS  power  level  and 
at  Re  number  sweeps  and  alpha  sweeps 


Requirement 

Determine  the  sensitivity  of  configuration  L/D  to  the  details  of  the  leading-edge  hingeline 
geometry  especially  for  the  outboard  wing  panel.  Maintaining  flow  attachment  on  the  upper 
surface  may  be  critical  to  the  outboard  wing  panel.  Vortical  structures  and  local  flow 
separations  arising  from  chordwise  leading  discontinuities  at  the  hinge  line  may  significantly 
affect  the  overall  high-lift  performance  and  the  flow  on  the  outboard  wing  panel. 


Approach 

The  geometry  of  representative  leading-edge  hinge  line  details  on  the  upper  surface  will  be 
generated  in  consultation  with  industry  flap  kinematics  and  structures  personnel.  Thin  upper 
surface  gloves  will  be  fitted  to  the  leading  edge  of  the  wing  so  that  the  model  can  be  tested 
with  two  step  sizes  in  addition  to  a smoothly  faired,  idealized  flap-to-main-wing  panel  surface. 
If  hinged  flaps  are  fabricated  for  the  model,  it  may  be  possible  to  evaluate  the  effects  of  gap 
flows  between  the  slat  and  main  element.  L/D  and  drag  polar  runs  will  be  made  in  each 
configuration  at  a constant  jet-flow  simulator  (JFS)  power  level.  Since  Reynolds  number  may 
effect  these  results,  alpha  sweeps  will  be  made  at  a variety  of  tunnel  airspeeds. 
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Figure  1 above  illustrates  the  HEAT  wing  planform  and  the  step  and  gap  areas  to  be 
examined  during  the  leading-edge  hingeline  step  and  gap  size  sensitivity  study.  The 
sizes  shown  are  potential  sizes  to  be  tested. 


CFD  Support  Activities 

The  Low-Speed  Aerodynamics  Branch  here  at  Ames  is  working  closely  with  the  Applied 
Computational  Aerodynamics  Branch  to  define  basic  CFD  research  using  generic 
swept-wing  configurations  to  investigate  step  (forward-  and  aft-facing)  and  cavity  effects 
on  curved,  accelerating  flow  fields  characteristic  of  realistic  leading  edge  flap/slat 
hingeline  geometries.  Figure  x depicts  candidate  geometries  for  this  area.  It  is  felt  that 
calculations  using  simplified  geometries  will  provide  insight  to  the  physics  of  these  types 
of  flows  and  will  develop  CFD  technologies  applicable  to  HSCT-class  vehicles. 
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Wing  Crank  Flap  Gap  | 

Sensitivity  Study  | 

Objective 

Evaluate  changes  in  high-lift  performance  due  to  effects  from 
leading  edge  flap-to-flap  gaps  and  discontinuities  along  span 

Approach 

• Simulate  geometry  of  the  flap-to-flap  interface  at  the  wing  crank 
junction 

• Test  with  a smoothly  faired,  idealized  juncture 

• Test  with  simulated  “production”  gap  fairing  geometry 

• Test  with  completely  unported  geometry 

• Obtain  aeroperformance  data  at  constant  JFS  power  level 


Requirement 

Evaluate  changes  to  high-lift  performance  and  vehicle  drag  due  to  vortical  structures  and 
local  flow  separations  arising  from  leading  edge  flap-to-flap  gaps  and  discontinuities  which 
exist  along  the  span  where  the  sweep  angle  changes. 


Approach 

Accurate  modeling  of  the  spanwise  discontinuities  can  be  achieved  with  the  large-scale 
HEAT  IA  model.  An  attempt  will  be  made  to  simulate  the  geometry  of  the  flap-to-flap 
interface  at  the  wing  crank  junction  between  the  inboard  and  outboard  wing  panels.  This 
geometry  will  be  generated  in  consultation  with  industry  flap  kinematics  and  structures 
engineers.  The  model  will  be  tested  with  1 .)  the  simulated  “production”  gap  fairing 
geometry,  2.)  a smoothly  faired,  idealized  juncture,  and  3.)  a completely  unported  geometry 
which  may  produce  the  worst-case  performance.  In  addition  to  documenting  the  crank  gap 
effect,  candidate  mechanization  and  fairing  schemes  can  be  evaluated  with  the  model  if  the 
individual  leading  edge  flaps  are  each  hinged  separately.  L/D  and  drag  polar  runs  will  be 
made  in  each  configuration  at  a constant  jet-flow  simulator  (JFS)  power  level. 
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Figure  2 above  highlights  the  area  to  be  examined  in  the  wing  crank  flap  gap  sensitivity  study. 
The  size  of  the  gap  in  this  area  will  be  adjusted  to  determine  the  effects  of  gaps/fillers  between 
these  adjacent  flap  elements. 


CFD  Support  Activities 

NS  calculations  of  the  full  HEAT  IA  geometry  may  be  able  to  include  studies  of  the  flap-to-flap 
gap  effects.  Figure  x depicts  candidate  geometries  for  this  area  of  the  vehicle. 
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Flap  Edge/Nacelle  Gap  Study 


Objective 

• Determine  sensitivity  of  configuration  L JD  to  the  sizes  of  gaps 
between  trailing-edge  flap  edges  and  nacelles 

• Determine  critical  gap  size 


Approach 

• Use  spacer  plates  between  flap  edges  and  nacelle  to  adjust 
gap  sizes  for  three  inboard  flaps 

• Obtain  aeroperformance  data  at  JFS  power  level  sweeps 


Requirement 

Determine  the  sensitivity  of  configuration  L/D  to  the  size  of  gaps  between  the 
streamwise  edges  of  the  trailing-edge  flaps  and  vertical  sidewalls  of  the  adjacent 
nacelles.  The  overall  high-lift  performance  may  be  significantly  degraded  and  vehicle 
drag  may  increase  when  these  gaps  are  above  a certain  size.  Determining  this  critical 
gap  size  will  be  crucial  to  design  of  candidate  high-lift  systems  for  the  Technology 
Configuration. 


Approach 

The  trailing-edge  flaps  of  the  HEAT  model  were  designed  with  this  type  of  system 
performance  study  in  mind.  Thin  plates  can  be  bolted  to  the  streamwise  edges  of  the 
inboard  three  flaps  to  produce  gaps  of  various  sizes.  The  configuration  tested  during  the 
first  HEAT  entry  used  a set  of  plates  which  produced  a minimal  gap.  L/D  and  drag  polar 
runs  will  be  made  in  each  gap  configuration  at  a constant  jet-flow  simulator  (JFS)  power 
level.  Because  of  the  close  proximity  of  the  flap  edges  to  the  suction  of  the  ejector 
suppressor  nozzle  inlets,  it  will  be  instructive  to  perform  some  NPR  sweeps  with  the 
various  gap  sizes  at  constant  angle  of  attack  and  airspeed. 
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Figure  3 above  highlights  the  area  to  be  examined  in  the  flap  edge/nacelle  gap  study. 
Spacer  plates  will  be  used  to  adjust  the  gaps  between  the  flap  edges  and  nacelle  walls 
to  determine  the  effect  of  these  gaps. 


CFD  Support  Activities 

A basic  building  block  approach  using  generic,  simplified  configurations  will  be  used  to 
determine  the  incremental  effects  on  lift  and  drag  of  the  gaps  between  streamwise  flap 
edges  and  adjacent  vertical  nacelle  surfaces.  The  attached  figure  depicts  candidate 
geometries  for  this  area.  The  principal  CFD  investigator  at  Ames,  Ching-Mao  Hung, 
who  will  be  working  the  HEAT  IA  problem  feels  that  generic  research  on  this  topic  will 
generate  technology  which  can  be  applied  not  only  to  HSRP  configurations  but  also  to 
other  aerodynamic  problems.  The  full  NS  calculations  using  the  complete  HEAT  IA 
geometry  may  be  able  to  investigate  these  gap  effects  for  select  configurations; 
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Main  Engine  Inlet  Distortion 
Measurements 


Objective 

Measure  total  pressure  deficits  and  flow  angles  at  the  inboard 
and  outboard  main  engine  inlet 


Approach 

• Add  5-hole  probe  rake  arrays  upstream  of  the  main  engine  inlets 

• Replace  JFS  nacelles  with  flow-through  nacelles 

• Obtain  total  pressure  and  flow  angularity  distributions 

at  varying  angle  of  attack,  airspeeds  and  leading-edge  flap  deflections 


Requirement 

Distortion  levels  at  the  location  of  the  main  engine  inlets  due  to  cross  flow  on  the  lower 
surface  of  the  wing  at  low-speed,  high-alpha,  high  leading-edge  flap  deflection  conditions 
may  be  significantly  greater  than  at  the  cruise  design  point.  The  objective  of  this 
investigation  will  be  to  measure  total  pressure  deficits  and  flow  angles  in  a plane  at  the 
location  of  the  inboard  and  outboard  main  engine  inlets. 


Approach 

Detailed  mappings  of  the  total  pressure  and  flow  angularity  distributions  at  the  locations  of 
the  main  engine  inlets  will  be  made  using  either  a fixed  or  traversing  array  of  five-hole 
probes.  Flow-through  nacelles  will  be  fabricated  for  use  during  this  portion  of  the  test. 

The  powered  nacelle  interface  with  the  wing  will  be  redesigned  to  accept  the  flow-through 
nacelles.  Surveys  of  the  flowfield  at  the  inlet  faces  will  be  made  at  a variety  of  angles, of 
attack,  airspeeds  and  leading  edge  flap  deflection  angles. 
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Figure  4 above  shows  the  approximate  location  for  the  5-hole  probe  rake  arrays  to  be  added 
to  measure  the  flow  angularity  and  total  pressure  deficits  at  the  inboard  and  outboard  main 
engine  inlets. 


CFD  Support  Activities 

It  may  be  possible  to  utilize  the  NS  calculations  of  the  full  HEAT  IA  configuration  to  predict 
first-order  flow  angularities  and  total  pressure  deficits  downstream  of  the  deflected  leading 
edge  flaps  with  the  model  at  the  low  angles  of  attack  which  might  be  expected  to  generate 
distorted  main  engine  inlet  flows. 
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Summary 


• HEAT  1 A main  objectives  and  approach  have  been  set 

• Measurements  and  Test  Techniques  have  been  reviewed 
to  give  improved  accuracy  on  drag/thrust  measurements 

• Additional  large-scale  geometric-fidelity  objectives  are  being 
merged  into  HEAT  1 A test  plan  where  advantageous  to  program 

• Additional  Propulsion/Airframe  Interaction  objective(s)  are  being 
examined  as  potential  HEAT  1 A objectives 


In  summary,  the  justification  and  motivation  for  the  HEAT  1 A test  has  been  presented. 
The  objectives  and  approach  for  this  test  has  been  reviewed  along  with  the 
measurements  and  test  techniques  to  be  used  in  the  HEAT  1A  test.  The  importance 
of  improving  the  accuracy  of  the  drag/thrust  measurements  for  this  test  was  also 
explained  and  justified. 

The  potential  additional  objectives  to  be  merged  in  with  the  HEAT  1 A test  objectives 
were  presented.  The  additional  objectives  were  categorized  as  large-scale  geometric- 
fidelity  objectives  and  propulsion/airframe  interaction  objectives.  These  additional 
objectives  are  still  being  reviewed  and  therefore,  the  final  decision  to  incorporate  them 
into  the  test  is  still  pending  completion  of  the  review  process. 
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NUMERICAL  STUDY  OF  THE  REYNOLDS  NUMBER 
EFFECT  AND  BOUNDARY  LAYER  TRANSITION 

LOCATION  EFFECT 


Anthony  J.  Saladino 
Dynacs  Engineering  Co.,  Inc. 

Renton,  WA  98055 

This  presentation  summarizes  the  effects  of  Reynolds  number  and  boundary  layer 
transition  between  wind  tunnel  data  and  CFD  solutions.  Computations  for  a Ref.  H 
wing/body  configuration  with  flaps  deflected  LE  30°/outboard  TE  20°  were  analyzed  for 
two  Reynolds  numbers  and  one  trip  location.  This  study  will  focus  on  a single  Mach 
number,  angle  of  attack  and  flap  setting  to  assess  the  predictive  capabilities  of  CFD. 
Results  are  shown  for  Mach  0.3  and  alpha  10  degrees. 

The  first  part  of  this  study  evaluated  the  TNS3DMB  CFD  code  for  capturing  the 
influence  of  Reynolds  number  variations.  Wind  tunnel  measurements  were  made  in  the 
NTF  at  chord  Reynolds  numbers  of  30  million  and  90  million.  Pressure  data  from  NTF 
test  057  at  various  spanwise  and  chordwise  stations  are  compared  with  CFD; 
aerodynamic  coefficient  data  from  NTF  test  060  are  compared  with  CFD. 

Based  upon  the  results  from  the  Reynolds  number  study,  it  was  concluded  that  there  was 
a need  to  understand  the  influence  of  boundary  layer  transition  effects  on  the 
aerodynamic  coefficients.  Data  from  NTF  test  080  was  used  to  compare  with  TNS3DMB 
at  a chord  Reynolds  number  of  21 .6  million.  Comparisons  were  made  with  NTF  tests 
without  and  with  trips,  and  with  CFD  runs  at  fully  turbulent  conditions  and  with  the  wing 
tripped  at  the  leading  edge  hinge  line. 

Additional  results  obtained  from  CFD  include  surface  plots  of  pressure  coefficient,  Y+, 

Cf,  and  velocity  vectors. 
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o gridding  approaches  were  used  to  generate  the  grid.  In  the  first  approach  Gridgen9.6 
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Dynacs  Engineering  Co.,  Inc. 


Ref.  H,  W/B,  Flaps  LE  30/Outboard  TE  20 
Surface  Grid  for  13-Block  Grid 
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When  it  became  apparent  that  the  flow  time  was  too  long,  not  only  for  the  current  task  but 


o r* 

qj  m— i 
CO  o 


G o 

HH  <2 


+5  CD 
CO  ^ 

03  2 

£ £ 


CO  ft 

TD  o 
<D  S-h 

<d  W) 

*73  co 

2 .tS 
X co 
'M  C 
ft  CD 
O -rt 
<D  w 
C "O 


§>x 

• 

8 > 

Q-  73 

CO  4) 


ft  X 


ft  G 

8 60 

CO  j§ 

x £ 

<D  M 1 

i £ • 

-r-t 

12  £ 
o 2 
00  c 

• <P“* 

00  03 
Ph  i>% 

o g 

< £ 
w CD 

£ I 

CD  «S 


<D  > 
X ^ 
£— * ^ 

« §> 

s a 

IS  Oh 

O 

<D  ■+-» 
bp  73 

c 

• < #-*  ■ 
4=  6JD 

pS  ^ 


O ^ 
& G 

CO  « 

J e 

1>  3 


go  c 

c *"* 

•ft  -o 
(D  <D 

g o3 

co  <D 

"O 

C Oh 
03  03 

73  53 

'C  J> 

o Jg 

o 

S3  ap 

< -S 

O 'S 

< & 
U 2 

m € 


co  c 
CD  >L 

W)  o 

12  eC 

S>| 

• i— < 

• 

o3  X) 

j-h 

+->  73 

73  jD 

S *2 

cu  o 

txO  00 
C co 
.S3  03  , 

■8  * 

CD  33  , 

*7!  cs 

<D  > 

X > 

2:  « ’ 

*2  x 
c '*-*  - 
s is 

is  2 

o3  C 


2280 


Dynacs  Engineering  Co.,  Inc. 


Ref.  H,  W/B,  Flaps  LE  30/Outboard  TE  20 
Surface  Grid  for  4-Block  Grid 
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The  NTF  model  is  a 2.2%  scale  of  the  Ref.  H configuration  with  the  TE  slightly  modified 
near  the  body  side.  The  model  has  several  hundred  ports  distributed  on  the  wing,  the 
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NTF  WIND  TUNNEL  DATA  SOURCES 
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Comparisons  between  CFD  and  the  NTF  data  are  made  whenever  possible. 
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FLOW  CONDITIONS  AND  CFD  SPECIFICS 
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Convergence  histories  of  the  TNS3DMB  runs  are  presented  for  both  Re  of  30  million  and 
Re  of  90  million.  Three  levels  of  multi-grid  were  used  to  speed  up  the  solution 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB,  Re  30  M (solid  lines)  and  Re  90  M (dashed  lines) 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB,  Re  30  M (solid  lines)  and  Re  90  M (dashed  lines) 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB,  Re  30  M (solid  lines)  and  Re  90  M (dashed  lines) 
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The  C M convergence  history  for  Re  of  30  million  and  90  million  is  presented.  The 
change  in  C M from  400  iterations  to  700  iterations  is  0.001,  which  translates  into  0, 


ti— i 

o 

o 

CN 


§ 

o 

* w* 

C 

tao 

co 

O 

O 


O 

C 

CO 

o 


-3 

Tx) 

d 

ccj 

s-* 

<L> 

N 


X) 

cd 

-4-> 

CO 


2292 


Dynacs  Engineering  Co.,  Inc. 


Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB,  Re  30  M (solid  lines)  and  Re  90  M (dashed  lines) 
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Repeat  runs  are  shown  to  form  tight  bands. 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB  (symbols),  NTF  Test  060  (lines) 
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Again,  the  repeat  runs  in  NTF  form  tight  bands.  CFD  missed  the  absolute  level  of  Cn  but 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB  (symbols),  NTF  Test  060  (lines) 
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Again,  the  repeat  runs  in  NTF  form  tight  bands.  CFD  missed  the  absolute  level  of  CM  but 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
Viscous  TNS3DMB  (symbols).  NTF  Test  060  (lines) 
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The  comparison  between  CFD  and  NTF  shows  some  differences  at  the  first  station.  The 
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The  correlation  for  the  left  plot  is  good  with  two  exceptions: 
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aps  LE  30/Outl 
vlS3DMB  (lines 


The  test/theory  comparisons  are  very  similar  to  those  seen  for  the  30M  Reynolds  number 


<D 

GO 

c3 

o 


2304 


Dynacs  Engineering  Co.,  Inc. 


Ref.  H,  W/B,  Flaps 
Viscous  TNS 
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The  test/theory  comparisons  are  very  similar  to  those  seen  for  the  30M  Reynolds  number 
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There  are  very  small  differences  between  the  test  data  (left  plot)  for  30M  and  90M 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
NTF  Test  057,  Re  30  M (Run  112,  circles)  and  Re  90  M (Run  102,  squares) 
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There  are  very  small  differences  between  the  test  data  (left  plot)  for  30M  and  90M 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 
NTF  Test  057,  Re  30  M (Run  112,  circles)  and  Re  90  M (Run  102,  squares) 
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The  differences  between  the  30M  and  the  90M  cases  are  very  small.  The  software  which 
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Ref.  H,  W/B,  Flaps  LE  30/Outboard  TE  20,  Mach  0.3,  Alpha  10  Deg 

4-Block  Viscous  TNS3DMB 
Upper  Surface  Pressure  Distribution 
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Again,  the  differences  between  the  30M  and  the  90M  cases  are  very  small.  Notice  that  a 
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Ref.  H,  W/B,  Flaps  LE  30/Outboard  TE  20,  Mach  0.3,  Alpha  10  Deg 

4-Block  Viscous  TNS3DMB 
Lower  Surface  Pressure  Distribution 
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Ref.  H,  W/B,  Flaps  LE  30/Outbd  TE  20,  Mach  0.3,  Alpha  10  Deg 

4-Block  Viscous  TNS3DMB 

Velocity  Vectors  2 Grid  Cells  Above  the  Upper  Wing  Surface 


Streamlines  on  a layer  of  grid  two  cells  off  the  wing  upper  surface  show  similar  patterns 
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Ref.  H,  W/B,  Flaps  LE  30/Outboard  TE  20,  Mach  0.3,  Alpha  10  Deg 

4-Block  Viscous  TNS3DMB 

Particle  Traces  2 Grid  Cells  Above  the  Upper  WingJSj^face 
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These  traces  are  not  limited  to  a particular  grid  layer. 
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Velocity  vectors  along  grid  lines  passing  through  the  wing  trailing  edge  near  25%  semi- 
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Velocity  Vectors  at  the  TE  of  2y/b  0.25 
Ref.  H W/B,  LE  30  Deg.,  Outboard  TE  20  Deg. 
Mach  0.3,  Alpha  10  Degrees,  TNS3DMB 
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Velocity  Vectors  at  the  TE  of  2y/b  ~ 0 .76 
Ref.  H W/B,  LE  30  Deg.,  Outboard  TE  20  Deg. 
Mach  0.3,  Alpha  10  Degrees,  TNS3DMB 


The  viscous  sublayer  thickness  or  Y+  is  shown  in  the  figure  for  both  Reynolds  numbers 
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The  total  skin  friction  coefficient  is  higher  around  the  hinge  lines,  mainly  because  of  the 
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Test  data  from  NTF057  and  NTF060  were  obtained  without  the  model  being  tripped.  A 
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TRIP  STUDY 
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Force,  moment  and  pressure  data  was  taken  in  Test  080.  Data  were  taken  with  and 
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NTF  WIND  TUNNEL  DATA  SOURCES 
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Two  TNS3DMB  solutions  were  obtained,  one  at  fully  turbulent  conditions,  the  other 
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FLOW  CONDITIONS  AND  CFD  SPECIFICS 
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Repeat  runs  are  shown  to  form  tight  bands. 
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Ref.  H,  W/B,  Mach  0.3,  Alpha  10  Deg,  Re  21. 6M 
:D  flaos  LE  30/Outbd  TE  20:  NTF  flaDS  LE  30/TE  10 
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The  repeat  runs  in  NTF  form  a wider  band  at  higher  lift  coefficients.  CFD  missed  the 
absolute  level  of  CD  as  well  as  the  increment  between  fully  turbulent  and  trip  runs. 
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Ref.  H,  W/B,  Mach  0.3,  Alpha  10  Deg,  Re  21. 6M 
CFD  flaps  LE  30/Outbd  TE  20;  NTF  flaps  LE  30/TE  10 
Viscous  TNS3DMB  (symbols),  NTF  Test  080  (lines) 
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Ref.  H,  W/B,  Mach  0.3,  Alpha  10  Deg,  Re  21. 6M 
CFD  flaps  LE  30/Outbd  TE  20;  NTF  flaps  LE  30/TE  10 
Viscous  TNS3DMB  (symbols),  NTF  Test  080  (lines) 
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The  repeat  runs  in  NTF  form  tight  bands.  Values  of  L/D  are  largest  for  the  no  trip  case, 
with  the  smallest  values  occurring  at  the  larger  grit  size  (#120).  The  TNS3DMB  solution 


2342 


Dynacs  Engineering  Co.,  Inc. 


Ref.  H,  W/B,  Mach  0.3,  Alpha  10  Deg,  Re  21.6M 
:D  flaps  LE  30/Outbd  TE  20:  NTF  flaps  LE  30/TE  10 
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The  drag  breakdown  for  all  of  the  cases  presented  indicates  the  extent  of  the  pressure  drag 
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Drag  Coefficient  Breakdown 
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The  total  skin  friction  coefficient  is  plotted  at  an  outboard  chordwise  station.  Both  the 
fully  turbulent  and  the  trip  runs  show  a sharp  increase  in  the  skin  friction  coefficient  at  the 
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Total  Skin  Friction  Cut  on  Upper  Surface 
H.  W/B.  Mach  0.3,  Aloha  10  Deg,,  flaps  LE  30/Outbd  TE  20 
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In  the  Reynolds  number  study,  the  increment  in  CD  was  captured  well.  The  increment  in 
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The  700-iteration  solutions  presented  in  this  document  took  14  hours  of  C-90  time  and 


O * 

CO 

» rt 

> cj 


C d) 


ora  ccS 
C3  Oh 


<D  ccS 
c o 

C CO 
w O 


co  .S 
P 03 

u .s 


a 


o 


B S> 

.d 
D co 


5-h 

<D 

<d  t: 
X o 


CCS 


co 

CCS 


Z C 

i-C  " T* 

.2  £ 

-d  -d 

£ * 

~ T3 

to 

& ‘ 


i-i 

CCS 

~o 

d 

’cS 

o 

o 

£ 


<D 


d 

J-l 

CD 

d 

CD 

W)  ^ 

CD 

X> 


CCS 

6 


o 

o 


d 

o 

T3  Ph 

g o 

js  < 


T3 
<D 

eS  Jr;  O 

in  <D 

« X!  *3 

<D  O 
W)  <u 
co  X5 
ccS  +-* 

£ d 

>>  ® B 

TD  73 


W) 

d 

> 

> 

o 

a, 


4-> 

co  W)  * 


CO  <D 

•d  o 

■S  43 

•S  u 

CO 

<D 
-d 

H 

T3 

5—(  C 

bfi  <5 
t; 


T3 

<D 

co 

d 


CD 

B 

d 


o 

-d 

CO 


O O 

> +-» 

H -d 


<D 

CCS 

5 

<D 

S— 

CCS 

CO 

IS 

<2 

<l> 

Q 

B 

o 

CO 

<4-1 

• 

0> 

6 


2352 


Dynacs  Engineering  Co.,  Inc. 


RECOMMENDATIONS 


<1) 

"O  C 
O O 


^ CO 
0 O 
O O 

® s 

■e  o 

3 > 

t;  o) 

<D  .E 

£ o 
o 0) 

C vt= 
CD  CD 

>>  0) 

h -O 

c >» 

CD  2 

O E 


o £ 

o 

O a) 

0 ^ 
O)  £ 

0 £ 

c c 
o o 
o ■+= 

© 8. 

<n 

Q-  ,S2 


2353 


Dynacs  Engineering  Co.,  Inc. 


CD 

<D 


LU 

o 

LU 


* 

o 

< 


<D 

s> 

Oh 

bD 

G 

« i»H 

o 

fcd 

4h 

T3 

<D 

Id 

13 

5-h 

a-> 

T3 

§ 

D 

bfl 

T3 

<D 

b£) 

c 


•3 

bi) 

'a 

i t 

c 

-J— » 

’5 

bo 

o 

G 

PQ 

£ 

<+H 

O 

<L> 

43 

+-> 

4— > 

c 

V 

JZ 

cd 

U 

C/5 

c 

<D 

s 

33 

2 

< 

a 

-O 

• 

T3 

o 

<D 

■*-> 

G 

13 

jO 

> 

*C 

<D 

43 

c 

o 

H 

o 

2354 


Dynacs  Engineering  Co.y  Inc. 


1997  HSR  Aerodynamic  Performance  Workshop 


Testing  the  2.2%  HSR  Reference  H Model  with 
a Modified  Wing  Planform  in  the  NTF 


Lewis  R.  Owens,  Jr. 

Richard  A.  Wahls 
Marvine  P.  Hamner 
NASA  Langley  Research  Center 
February  26,  1 997 


NASA  LaRC 
NASA  LaRC 

McDonnell  Douglas  Aerospace 


The  HSR  program  moved  into  phase  two  with  the  selection  of  a new 
airplane  configuration,  the  Technology  Concept  Airplane  (TCA).  The 
TCA  was  designed  based  on  the  experiences  gained  while 
investigating  both  the  Reference  H and  the  Arrow  Wing  configurations 
in  different  wind  tunnels  and  CFD  studies.  Part  of  that  investigation 
included  performing  extensive  high  Reynolds  number  testing  on  the 
Reference  H configuration  in  the  NTF  to  provide  data  for  predicting  full- 
scale  flight  performance,  as  well  as  developing  techniques  for  testing 
these  types  of  configurations  in  the  NTF.  With  the  selection  of  the  TCA 
configuration,  a smaller  investigation  was  designed  to  examine  whether 
or  not  the  scaling  characteristics  of  the  TCA  configuration  are  similar  to 
those  observed  for  the  Reference  H configuration.  This  presentation 
will  include  a description  of  the  2.2%  Modified  Reference  H model  used 
in  this  investigation  (highlighting  the  similarities  and  the  differences 
when  compared  to  the  TCA  configuration),  the  testing  objectives,  and 
some  preliminary  findings  that  are  relevant  to  the  current  high-lift 
system. 
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Outline 


• Objectives 

• Background 

• Approach 

• Model  Geometry 

• Analysis  Approach 

• NTF  Results 

- planform 

- partial  vs  full  (f/m  & minituft) 

• Conclusions 


As  outlined  above,  this  presentation  will  begin  with  a statement  of  the 
general  objectives  of  the  project,  followed  by  background  information 
which  led  to  the  initiation  of  the  study,  and  the  approach  taken  to  meet 
the  objectives.  Next,  the  wind  tunnel  model  is  described  including  its 
relationship  to  both  the  Reference  H and  Technology  Concept  Airplane 
(TCA)  geometries.  Next,  the  general  data  analysis  approach  will  be 
discussed  relative  to  the  objectives  of  this  study.  Finally,  preliminary 
analysis  of  results  from  the  experimental  part  of  this  study  will  be 
discussed.  Concluding  remarks  will  close  the  presentation. 
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Objectives 

• Obtain  Rn  sensitivity  data  for  representative  wing  with  the  TCA 
planform 

• Obtain  Rn  sensitivity  data  for  partial  vs.  full  inboard  LE  flap 

• Expand  subsonic/transonic  data  base  of  Rn  sensitivities 
associated  with  LE  radius  variations,  including  the  supersonic 
LE  of  an  outboard  wing  panel 

- see  paper  by  Wahls, Rivers,  & Owens  in  CA  section  of  this 
Workshop: 

“Prediction  and  Assessment  of  Reynolds  Number  Sensitivities 
Associated  with  Wing  Leading-Edge  Radius  Variations” 


The  general  objectives  of  the  project  are  shown  above.  The  primary 
goals  included  preliminary  assessments  of  the  Rn  effects  associated 
with  the  planform  change  from  the  Reference  H to  the  TCA  and  of  the 
corresponding  change  to  the  high-lift,  inboard  LE  flap  configuration.  An 
additional  objective  addressed  in  the  course  of  this  study,  but  not 
presented  herein,  included  the  expansion  of  the  data  base  showing  the 
effects  of  LE  radius  distribution  and  corresponding  sensitivity  to  Rn  at 
subsonic  and  transonic  conditions.  Particular  emphasis  was  placed  on 
the  under  exploited  supersonic  LE  of  the  outboard  wing  panel.  This 
topic  was  addressed  in  the  experimental  portion  of  the  study,  and 
results  are  described  in  a separate  paper  in  this  workshop 
(Configuration  Aerodynamics  Session)  entitled: 

“Prediction  and  Assessment  of  Reynolds  Number  Sensitivities 
Associated  with  Wing  Leading-Edge  Radius  Variations,”  by  Wahls, 
Rivers  and  Owens. 
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Background 

• HSR  Program 

- Baseline  configuration  changed  from  Ref  H to  TCA 

- Timing  issues 

• affect  next  downselect  to  Tech.  Configuration 

• material  availability,  new  vs.  modified  model,  NTF  shutdown 


TCA  lines  frozen  NTF089  Data  to  71  Tech.  Config.  Downselect 


NTF  Shutdown  NTF  Shutdown 
Starts  Ends 


The  HSR  program  is  currently  in  a 3 year  phase  centered  around  the 
evaluation  and  redesign  of  the  TCA  configuration.  It  was  desired  to 
generate  Rn  effects  data  on  the  TCA  planform,  examine  the  high-lift  LE 
flap  configuration,  and  demonstrate  that  a blunt  supersonic  LE  design  is 
worth  pursuing  in  time  to  provide  input  to  the  definition  of  the  follow-on 
baseline  configuration.  Given  the  NTF  schedule  and  major  shutdown 
for  upgrade,  model  material  availability,  and  insufficient  funds/support 
for  a new  model,  the  decision  was  made  to  target  a test  window  in  the 
NTF  in  the  1st  quarter  of  FY97  prior  to  the  NTF  shutdown. 
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Approach 

• Modify  2.2%  Ref  H model  to  TCA  planform 

- include  alternate  LE  radius  distribution  & high-lift  flaps 

• Perform  NTF  test 

- Rn  effects  assessment  on  TCA  planform 

- compare  partial  vs  full  inboard  flap  differences  and  associated  Rn 
effects 


The  approach  to  meet  the  objectives  within  the  program  and  facility 
availability  constraints  was  as  follows.  First,  modify  an  existing  model 
suitable  for  the  NTF  test  environment.  The  obvious  choice  was  the 
2.2%  HSR  Reference  H model.  Second,  perform  a test  in  the  NTF  at 
high-lift  and  transonic  conditions  to  provide  a wide  range  of  Rn 
conditions  to  allow  experimentally  based  assessments. 
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Model  Geometry  I 

• Comparison  of  Modified  Ref  H and  Ref  H Models 

• Geometric  Constants  at  2.2%  scale 

S.ref  mac  span  AR  LE  sweep 

fr  (gross)  in.  in.  deg 

Ref.  H 3.674  22.71  34.23  2.21  76/68.5/48 

Modified  Ref.  H.  4.114  25.07  34.65  2.03  71/52 


xr  inches 


The  first  step  was  the  modification  of  the  existing  2.2%  HSR  Ref.  H 
model  to  represent  the  TCA  wing  as  closely  as  possible.  Geometric 
constants  are  shown  above;  the  Modified  Ref.  H values  are  identical  to 
the  TCA.  Note,  that  the  reference  area  for  the  Ref.  H is  the  gross  wing 
area  (rather  than  the  wimpress  area  used  during  Ref.  H testing)  to  be 
consistent  with  the  TCA  definition.  The  Ref.  H (truncated)  body  and 
inboard  wing  center  section  and  TE  (indicated  by  the  dotted  lines)  were 
maintained,  while  the  LE  and  outboard  wing  panels  (indicated  by  the 
dashed  lines)  were  not.  New  LE  and  outboard  wing  panels  were 
designed  and  fabricated  to  provide  the  TCA  planform  while  not 
restricting  a return  to  the  Ref.  H geometry. 
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• Airfoil  modification  process  was  as  follows: 

- align  TCA  & Ref.  H TE  (inboard  sections;  existing  model) 

- rotate  TCA  section  around  TE  to  align  to  with  existing  Ref.  H parts 

- blend  overlap  section  between  TCA  LE  and  existing  Ref.  H parts 

- spanwise  blending  outboard  of  existing  Ref.  H parts 


x/c  (TCA  chord) 


The  modification  process,  or  more  specifically  the  blending  process,  is 
demonstrated  above  for  a typical  inboard  airfoil  section.  First,  the  TCA 
section  at  a given  span  location  is  translated  to  match  the  TE  of  the 
existing  Ref.  H model  hardware.  Next,  the  TCA  section  is  rotated 
around  the  TE  to  align  with  the  existing  model  parts  with  emphasis  on 
the  upper  surface  to  avoid  unwanted  surface  inflections.  Finally, 
blending  occurs  over  a small  region  forward  of  the  existing  hardware  in 
to  the  TCA  LE  region.  This  sequence  was  repeated  for  several  airfoils 
over  the  span  of  the  existing  wing  center  section/TE  hardware; 
outboard  of  this  point,  a small  blending  region  existed  in  the  spanwise 
direction  until  the  TCA  outboard  airfoil  definitions  could  be  maintained. 
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The  resulting  geometry  had  the  characteristics  shown  above.  Note  that 
wing  LE  radius  distribution  of  the  modified  Ref.  H is  identical  to  that  of 
the  TCA,  and  that  both  the  TCA  and  the  Ref.  H have  a sharp  LE  on  the 
outboard  wing  panel.  Existing  Ref.  H model  hardware  inboard  drives 
the  differences  in  wing  twist,  maximum  thickness,  and  the  location  of 
the  maximum  thickness.  Outboard  of  the  pre-existing  hardware,  the 
modified  Ref.  H and  TCA  geometries  more  closely  match. 

The  resulting  geometry  was  smooth  and  sufficient  to  address  the 
objectives  of  the  study.  However,  in  no  way  should  this  geometry  be 
considered  optimized  aerodynamically. 
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NTF  Test  Variables 


Mach  = 0.30 

Rn.mac  = 9.4  ->  100  x 106 
a = -3°  ->  24° 
nacelles  on/off 
0/0  flaps 

30/10  partial  & full  span  flaps 
baseline  & alt.  LE  radius 


• Mach  = 0.90 

• Rn,mac  = 11  ->89  x 106 

• a = -2°  -»  12° 

• nacelles  off 

• 0/0  flaps 

• baseline  & alt.  LE  radius 


The  range  of  test  conditions  in  the  NTF  test  (designated  NTF089) 
pertinent  to  this  study  are  shown  above.  All  data  shown  herein  were 
obtained  with  natural  transition  on  the  wing.  A complete  set  of  low  Rn 
data  with  fixed  transition  was  planned  but  not  obtained  due  to 
significant  facility  downtime  associated  with  a pitch  system  failure. 

Force  and  moment  data  were  obtained.  Limited  pressure  data  on  the 
existing  Ref.  H wing  center  section  were  also  obtained;  LE  and 
outboard  wing  panel  pressures  were  not  obtained  due  to  limited  funding 
and  design/fabrication  time  constraints. 
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Analysis  Approach 

• Differences  in  Ref.  H & Modified  Ref.  H (TCA  planform) 

- AR,  camber  + twist  = warp,  wetted  area,  thickness  distrib., .... 

• Linear  Theory 

- simple  planform  (AR)  relationship  allows  lift-curve-slope 
comparisons 


• Plan  to  use  AER02S  for  warp  effects 

- drag,  pitching-moment,  Ozem-im, .... 

• Compare  partial  vs  full  inboard  LE  flap  configuration 

- force  & moment  data  as  a function  of  Rn 

- minituft  flow  visualization 


The  analysis  approach  (work  in  progress)  is  outlined  above.  In  order  to 
make  comparisons  between  the  Rn  trends  associated  with  the  Ref.  H 
and  those  of  the  modified  Ref.  H configurations,  it  is  necessary  to 
account  for  differences  in  the  data  due  to  certain  geometric  differences. 
This  is  a challenging  task,  and  currently  only  the  CL  data  for  the 
undeflected  flaps  have  been  adjusted  for  AR  differences  so  that 
comparisons  in  the  lift-curve  slope  are  presented.  The  AR  adjustments 
are  only  made  to  the  angle  of  attack  as  shown  above.  Note  that  this 
method  assumes  fully-attached  flow,  which  is  not  true  across  the  angle- 
of-attack  range  tested  here.  The  future  analysis  plans  include 
modelling  camber,  twist  and  wetted-area  differences  to  allow 
comparisons  for  drag  and  L/D.  The  analysis  of  the  data  obtained  for 
the  different  high-lift  flap  configurations  included  making  comparisons 
using  the  force/moment  data  as  well  as  the  minituft  data. 
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NTF  Results  I 


• Comparison  of  lift-curve-slope  between  Ref  H & Modified  Ref  H 

- Mach  = 0.3,  undeflected  flaps 

• CLa  trends  with  Rn  differ 


Rn,mac  (millions) 


o Modified  Ref.  H 
0 Ref.  H (adjusted  for  gross  area) 
O Ref.  H (adjusted  for  gross  area  i 

AR)| 

j o 

cR> 

□ 

□CO 

tx> 

cF  } 

Ti 

\j? 

po 

The  plot  on  the  left  shows  the  comparison  of  CL  as  a function  of  alpha 
for  the  modified  Ref.  H,  Ref.  H (adjusted  for  gross  wing  ref.  area 
difference),  and  Ref.  H (adjusted  for  gross  wing  ref.  area  and  aspect 
ratio  difference)  at  low  Rn.  All  data  shown  is  for  Mach  = 0.3  with 
undeflected  flaps.  The  aspect  ratio  correction  does  not  fully  collapse 
the  differences  between  the  modified  Ref.  H and  the  Ref.  H lift  curves, 
which  may  be  expected  with  various  LE  separations  present  in  this 
angle-of-attack  range.  The  plot  on  the  right  indicates  that  the  lift-curve 
slopes  obtained  from  a limited  angle-of-attack  range  for  modified  Ref.  H 
and  Ref.  H have  different  sensitivities  to  Rn,  with  the  Ref.  H data 
showing  more  sensitivity  at  low  Reynolds  numbers. 
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The  plot  on  the  left  shows  the  comparison  of  CL  as  a function  of  alpha 
for  the  modified  Ref.  H,  Ref.  H (adjusted  for  gross  wing  ref.  area 
difference),  and  Ref.  H (adjusted  for  gross  wing  ref.  area  and  aspect 
ratio  difference)  at  low  Rn.  All  data  shown  is  for  Mach  = 0.9  with 
undeflected  flaps.  The  aspect  ratio  correction  does  not  fully  collapse 
the  differences  between  the  modified  Ref.  H and  the  Ref.  H lift  curves, 
which  may  be  expected  with  various  LE  separations  present  for  alpha 
greater  than  approximately  2.5  degrees.  The  plot  on  the  right  indicates 
that  the  lift-curve  slopes  obtained  from  a limited  angle-of-attack  range 
for  modified  Ref.  H and  Ref.  H have  similar  sensitivities  (small)  to  Rn. 
The  jump  in  the  lift-curve  slope  at  Rn  of  about  30  million  is  associated 
with  the  aeroelastic  step. 
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NTF  Results  III 


• Comparison  of  partial  vs  full  inboard  flap  deployment  on  CM 

- Large  flap  configuration  effect 

- Small  Reynolds  number  effect  (at  least  relatively) 


Rn,mac  = 99.3*5 


O Partial  span  inboard  LE  flap 
D Full  span  Inboard  LE  flap 
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The  plot  of  CM  as  a function  alpha  is  presented  on  the  left  to  show  the 
LE  flap  configuration  (partial  span  vs  full  span)  effect  at  the  highest 
available  Rn  test  condition.  On  the  right,  a plot  of  the  CM  difference 
(full  - partial)  as  a function  of  alpha  demonstrates  that  the  Rn 
sensitivities  are  much  smaller  than  the  flap  configuration  effect. 
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NTF  Results  IV 


• Comparison  of  partial  vs  full  inboard  flap  deployment  on  CL 

- Large  flap  configuration  effect 

- Small  Reynolds  number  effect  (at  least  relatively) 


The  plot  of  CL  as  a function  alpha  is  presented  on  the  left  to  show  the 
LE  flap  configuration  (partial  span  vs  full  span)  effect  at  the  highest 
available  Rn  test  condition.  On  the  right,  a plot  of  the  CL  difference  (full 
- partial)  as  a function  of  alpha  demonstrates  that  the  Rn  sensitivities 
are  much  smaller  than  the  flap  configuration  effect. 
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NTF  Results  V 

Comparison  of  partial  vs  full  inboard  flap  deployment  on  CD 

- Large  flap  configuration  effect 

- Small  Reynolds  number  effect  (at  least  relatively) 
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The  plot  of  CD  as  a function  alpha  is  presented  on  the  left  to  show  the 
LE  flap  configuration  (partial  span  vs  full  span)  effect  at  the  highest 
available  Rn  test  condition.  On  the  right,  a plot  of  the  CD  difference  (full 
- partial)  as  a function  of  alpha  demonstrates  that  the  Rn  sensitivities 
are  much  smaller  than  the  flap  configuration  effect. 
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• Comparison  of  partial  vs  full  inboard  flap  deployment  on  UD 

- Large  flap  configuration  effect 

- Small  Reynolds  number  effect  (at  least  relatively) 


The  plot  of  L/D  as  a function  alpha  is  presented  on  the  left  to  show  the 
LE  flap  configuration  (partial  span  vs  full  span)  effect  at  the  highest 
available  Rn  test  condition.  On  the  right,  a plot  of  the  L/D  difference 
(full  - partial)  as  a function  of  alpha  demonstrates  that  the  Rn 
sensitivities  are  smaller  than  the  flap  configuration  effect. 
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Camera  Views  of  Minitufts  on  Wing 

• Minitufts  applied  to  left  upper  wing  surface  only 

- Camera  #14 

* inboard  LE  near  wing/body  juncture 

- Camera  #1 

* mid  span  LE  covering  area  where  part  span  LE  flap  begins 

- Camera  #9 

* overall  view  of  wing  including  outboard  wing  panel 

* not  shown  in  this  presentation 


The  figure  above  shows  the  view  orientations  for  each  of  the  cameras 
used  to  obtain  minituft  data  on  the  inboard,  upper  surface  of  the  left 
wing  for  the  modified  Ref.  H model.  The  data  was  obtained  at  low  Rn 
conditions  only.  Also,  only  the  Mach  = 0.3  data  Is  presented  in  the  next 
slides  to  illustrate  differences  associated  with  the  large  LE  flap  effects 
shown  previously  in  the  force/moment  data.  The  data  are  grouped  by 
nominal  angles  of  attack  ( 8,  12  and  14  degrees).  Multiple  angles  of 
attack  are  presented  to  give  a sense  of  LE  vortex  progression. 
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NTF  Results  Vll-a 


• Undeflected  flap  vs.  partial  span  flap  (a=8°) 

- cl  4;  inboard  near  wing/body  juncture 

- both  LEs  — attached  flow  character 


In  this  figure,  the  undeflected  and  partial  span  LE  flaps  are  compared  at 
an  alpha  of  about  8 degrees.  Both  configurations  exhibit  attached  LE 
flow  characteristics  in  this  region. 
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NTF  Results  Vll-b 


• Partial  span  flap  vs.  full  span  flap  (a=8°) 

- cl  4;  inboard  near  wing/body  juncture 

- both  LEs  --  attached  flow  character 


partial  span 


| full  span 


In  this  figure,  the  partial  and  full  span  LE  flaps  are  compared  at  an 
alpha  of  about  8 degrees.  Again,  both  configurations  exhibit  attached 
LE  flow  characteristics  in  this  region. 
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NTF  Results  Vll-c 

• Undeflected  flap  vs.  partial  span  flap  (a=8°) 

- cOI;  mid  span  (inboard  of  LE  crank) 

- undeflected 

* separated  flow  character  beginning 

- partial  span 

• attached  flow  character  on  LE  flap 

un deflected  | | partial  span  | 


In  this  figure,  the  undefiected  and  partial  span  LE  flaps  are  compared  at 
an  alpha  of  about  8 degrees.  The  undeflected  configuration  image 
shows  signs  of  a LE  vortex  (toward  upper,  left  comer  of  image).  The 
minitufts  that  are  influenced  by  separated  flow  can  be  identified  as 
those  that  are  not  only  misaligned  with  the  streamwise  direction  but 
must  also  appear  to  be  a faint  blur  in  the  image  indicating  the  dynamic 
motions  of  the  separated  flow.  The  part  span  flap  does  not  show  any 
signs  of  separation. 
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NTF  Results  VI l-d 


• Partial  span  flap  vs.full  span  flap  (cx=8°) 

- cOI ; mid  span  (inboard  of  LE  crank) 

- part  span  LE 

• attached  flow  character  on  LE  flap 


- full  span  LE 

• attached  flow  character  on  LE  flap 


In  this  figure,  the  partial  and  full  span  LE  flaps  are  compared  at  an 
alpha  of  about  8 degrees.  Both  configurations  exhibit  attached  LE  flow 
characteristics  in  this  region. 
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NTF  Results  Vlll-a 


• Undeflected  flap  vs.  partial  span  flap  (a=12°) 

- cl  4;  inboard  near  wing/body  juncture 

- both  LEs  — separated  flow  character  beginning 


In  this  figure,  both  LE  configurations  exhibit  similar  LE  separation 
characteristics  at  this  angle  of  attack. 
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NTF  Results  Vlll-b 


* Partial  span  flap  vs.  full  span  flap  (a=12°) 

- cl  4;  inboard  near  wing/body  juncture 

- part  span  LE 

• separated  flow  character  on  undeflected  inboard  LE  beginning 

- full  span  LE 

• attached  flow  character  on  LE  flap 

• separated  flow  character  at  flap  hingeline 


In  this  figure,  the  partial  and  full  span  LE  flap  configurations  are 
compared  and  there  is  a significant  difference  in  the  LE  separation 
characteristics.  The  flow  is  attached  on  the  full  span  LE  flap.  This 
difference  helps  to  explain  the  performance  difference  between  the  two 
flaps,  in  which  the  full  span  flap  has  lower  drag,  lower  lift,  higher  L/D 
and  less  pitch-up. 


2377 


I"7  HSR  Aerodynamic  Performance  Workshop 

X&SfeUtt—*  ^=^=mm=m  . - 


NTF  Results  Vlll-c 


• Undeflected  flap  vs.  partial  span  flap  (a=12°) 

- cOI ; mid  span  (inboard  of  LE  crank) 

- undeflected 

• separated  flow  character  established 

- partial  span 

• separated  flow  character  on  LE  flap 

• separated  flow  inboard  of  start  of  part  span  flap 


In  this  figure,  the  undeflected  and  partial  span  LE  flap  configurations 
are  compared  and  there  is  a significant  difference  in  the  LE  separation 
characteristics.  Note  that  the  comparison  of  these  LE  configurations 
looked  very  similar  in  the  view  near  the  wing/body  juncture.  (NTF 
Results  Vlll-a  slide) 
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NTF  Results  Vlll-d 

• Partial  span  flap  vs.full  span  flap  (a=12°) 

- cOI ; mid  span  (inboard  of  LE  crank) 

- part  span  LE 

• entire  LE  flap  flow  separated 

- full  span  LE 

• separated  flow  character  on  beginning  on  LE  flap 

• separated  flow  character  at  flap  hingeline 


In  this  figure,  the  partial  and  full  span  LE  flap  configurations  are 
compared  and  there  is  a significant  difference  in  the  LE  separation 
characteristics.  Again,  the  full  span  LE  flap  has  a larger  region  of 
attached  flow,  which  helps  to  explain  the  performance  difference  seen 
in  the  force/moment  data. 
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NTF  Results  IX-a 


• Undeflected  flap  vs.  partial  span  flap  (a=14°) 

- cl  4;  inboard  near  wing/body  juncture 

- both  LEs  - separated  flow  character  established 


At  an  angle  of  attack  of  14  degrees,  this  LE  flap  comparison  is  similar  to 
that  discussed  for  12  degrees.  These  images  were  included  to  give  a 
sense  of  the  LE  vortex  progression. 
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NTF  Results  IX-b 


• Partial  span  flap  vs.  full  span  flap  (a=14°) 

- cl  4;  inboard  near  wing/body  juncture 

- part  span  LE 

• separated  flow  character  on  undeflected  inboard  LE  established 

- full  span  LE 

• attached  flow  character  on  LE  flap 

• separated  flow  character  at  flap  hingefine 


At  an  angle  of  attack  of  14  degrees,  this  LE  flap  comparison  is  similar  to 
that  discussed  for  12  degrees.  These  images  were  included  to  give  a 
sense  of  the  LE  vortex  progression. 
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• Undeflected  flap  vs.  partial  span  flap  (a=i4°) 

- cOI;  mid  span  (inboard  of  LE  crank) 

- undeflected 

• separated  flow  character  established 

- partial  span 

• separated  flow  character  on  LE  flap 

• separated  flow  inboard  of  part  span  flap  affects  larger  area 


At  an  angle  of  attack  of  14  degrees,  this  LE  flap  comparison  is  similar  to 
that  discussed  for  1 2 degrees.  These  images  were  included  to  give  a 
sense  of  the  LE  vortex  progression. 


2382 


a ii;  m u Mutual  i.  ,i 


1997  HSR  Aerodynamic  Performance  Workshop 

NTF  Results  IX-d 

• Partial  span  flap  vs.full  span  flap  (a=14°) 

- cOI;  mid  span  (inboard  of  LE  crank) 

- part  span  LE 

• separated  flow  region  of  LE  continues  to  grow 

- full  span  LE 

• separation  onset  moves  inboard  on  LE  flap 

• separated  flow  character  at  flap  hingeline 


At  an  angle  of  attack  of  14  degrees,  this  LE  flap  comparison  is  similar  to 
that  discussed  for  12  degrees.  These  images  were  included  to  give  a 
sense  of  the  LE  vortex  progression. 
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Conclusions 

• Planform  Effects  (Modified  Ref.  H vs  Ref.  H)  - 0/0  flaps 

- effectiveness  of  AR  adjustment 

• in  general,  does  not  collapse  lift  curve  data 

- CL«  trends  with  Rn 

• Differ  at  Mach  = 0.3 

• Similar  at  Mach  = 0.9 

• Partial  vs  Full  Inboard  Flap  Differences 

- Large  performance  difference  beginning  near  design  condition 

- Rn  effect  relatively  small  in  comparison  to  performance  difference 

- Differences  driven  by  separation  and  vortex  formation  that  Rn 
changes  do  not  eliminate 


In  conclusion,  the  analysis  of  the  planform  effects  has  started  with  an 
attempt  to  adjust  the  lift  data  for  aspect  ratio  differences  for  the 
undeflected  flap  configurations.  These  aspect  ratio  adjustments  have 
not  successfully  collapsed  the  lift-curve  data.  The  lift-curve  slope  trend 
with  Rn  depended  on  the  configuration  and  Mach  number.  Further 
analysis  of  these  planform  effects  are  needed  as  well  as  looking  at 
deflected  flap  configurations. 


A large  performance  difference  between  partial  and  full  span  LE  flap 
configurations  was  found  near  the  design  conditions.  The  data 
obtained  for  each  flap  configuration  showed  a relatively  small  (when 
compared  to  the  performance  difference)  Rn  effect.  The  LE  flap 
configuration  performance  difference  is  explained  by  the  differences  in 
the  amount  of  attached  LE  flow  regions  present  on  each  flap. 
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High  Speed  Research  Program 
Aerodynamic  Performance  Technology  Workshop 

High  Lift  Technology  Element 

Evaluation  of  Alternate  Control  Surface 

Concepts 

Bryan  Campbell 

NASA,  LaRC 


Mr.  Campbell  currently  works  within  the  Subsonic  Aerodynamics  Branch  of  the  Aero  and 
Gas  Dynamics  Division  at  the  Langley  Research  Center  of  NASA. 
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Aerodynamic  effects  of  canard  longitudinal  and  height 
placement,  relative  area,  and  aspect  ratio  on  longitudinal 
aerodynamics. 

Potential  of  asymmetric  chine  deflection  with  emphasis  on  varying 
forebody  location,  height,  dihedral,  and  incidence  angle. 

Advantages  of  strategically  locating  wing  mounted  upper  surface 
fins  relative  to  the  local  surface  flow. 

Recommendations 


Although  several  viable  concepts  have  been  investigated  during  recent  years,  time  con- 
straints do  not  allow  for  a detailed  discussion  of  each.  Therefore,  only  a small  segment  of 
these  concepts  will  be  discussed  during  this  workshop.  Emphasis  will  be  placed  on 
canards,  forebody  chines  and  wing  fins. 
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The  majority  of  the  data  presented  were  obtained  using  a 0.01542  scale  representation  of 
the  HSR  Reference-H  model.  This  model  was  similar  in  planform,  and  incorporated  full- 
span  leading-edge  flaps  and  segmented  trailing-edge  flaps.  Shown  in  the  photograph  is  the 

high-lift  configuration  of  leading-edges  at  30°,  and  trailing-edges  at  10°.  The  wing  had  no 
twist  or  camber.  The  forebody  and  fuselage  were  simple  bodies  of  revolution.  A detach- 
able aft  fuselage,  complete  with  empennage,  was  incorporated  during  the  chine  study,  and 
removed  during  the  canard  tests.  The  overall  length  (including  aft  fuselage)  was  approxi- 
mately 58  inches;  and  the  span  was  24  inches. 
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Characteristics  of  Longitudinal  Canard  Placement 


The  canard  investigation  looked  at  the  effects  of  canard  longitudinal  placement,  height, 
surface  area,  and  aspect  ratio.  This  figure  shows  the  baseline  canard,  sized  to  be  similar  to 
the  Ref-H  horizontal  tail,  compared  with  one  half  the  surface  area.  Each  canard  was  capa- 
ble of  a wide  range  of  incidence. 
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Characteristics  of  Longitudinal  Canard  Placement 


The  canard  investigation  looked  at  the  effects  of  canard  longitudinal  placement,  height, 
surface  area,  and  aspect  ratio.  This  figure  shows  the  baseline  canard,  sized  to  be  similar  to 
the  Ref-H  horizontal  tail,  compared  with  one  that  is  twice  the  aspect  ratio.  Each  canard 
was  capable  of  a wide  range  of  incidence. 
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Aerodynamic  Effects  of  Canard  Longitudinal  Placement 

Baseline  Canard,  Height  = upper,  5C=0°,  Flaps  at  30°/10°,  q=25  psf 


O CANARD  OFF 
□ O A 


UNTRIMMED 


8 12  16  20  24 

alpha 


Reducing  the  canard  moment  arm  has  the  effect  of  similarly  reducing  the  overall  pitch  of 
the  model.  Changing  this  location  had  little  influence  on  lift;  but,  as  seen  in  the  L/D  plot, 
has  an  influence  on  drag. 


Control  Power  Effects  of  Canard  Longitudinal  Placement 

Baseline  Canard,  Height  = upper,  a=12°,  Flaps  at  30°/10°,  q=25  psf 


The  magnitude  of  control  power  for  each  canard  location  is  show  for  a range  of  canard 
incidence  angles.  Clearly,  the  more  forward  position  provided  significant  improvements. 
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Aerodynamic  Effects  of  Canard  Height  Placement 

Baseline  Canard,  Forward  Position,  5C=0°,  Flaps  at  30°/10°,  q=25  psf 


f Canard  Heigh 

on,  5C=0°,  Flaps  at  3( 


O CANARD  OFF 


ard  Heig 
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Aerodynamic  Effects  of  Canard  Surface  Area 

Forward  Position,  Height  = upper,  5C=0°,  Flaps  at  30°/10°,  q=25  psf 


UNTRIMMED 


alpha 


Halving  the  canard  surface  area  had  the  effect  of  halving  the  overall  model  pitch  up  with 
little  influence  on  lift.  The  untrimmed  L/D,  however,  reflects  an  improvement. 
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Control  Power  Effects  of  Canard  Surface  Area 

Forward  Position,  Height  = lower,  a=12°,  Flaps  at  30°/10°,  q=25  psf 


Although  the  linearity  of  canard  surface  area  to  control  power  is  preserved  for  the  lower 
height  position,  the  overall  magnitude  for  a given  deflection  angle  is  reduced. 
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Aerodynamic  Effects  of  Canard  Aspect  Ratio 

Forward  Position,  Height  = upper,  5C=0°,  Flaps  at  30°/10°,  q=25  psf 


0.2 


0.1 


Control  Power  Effects  of  Canard  Aspect  Ratio 

Forward  Position,  Height  = upper,  a=12°.  Flaps  at  30°/l0°,  q=25  psf 


No  significant  effects  on  control  power  due  to  canard  aspect  ratio  are  observed  over  the 
linear  range.  The  are  some  effects  over  the  canard  stall  range. 
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Directional  Control  Effects  of  Longitudinal  Chine  Placement 

Asymmetric  Chines  = right  side  only,  |3=0°,  Raps  at  30°/10°,  q=20  psf 


Moving  an  asymmetric  chine  forward  on  the  forebody  increases  the  directional  control. 
Increasing  the  azimuthal  angle  further  enhances  these  effects. 
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Directional  Control  Effects  of  Chine  Incidence 

Asymmetric  Chines  = right  side  only,  P=0°,  Flaps  at  30°/10°,  q=20  psf 


SYMBOL  ic,deg 
o 

□ 0 

O -10 

A +10 


Increasing  the  relative  chine  incidence  angle  further  increases  directional  control.  At  high 
angles  of  attack,  the  undeflected  chine  provides  greater  control.  This  would  indicate  a 
changing  local  forebody  flowfield,  and  thus  warrant  a schedule  for  chine  incidence  as  a 
function  of  angle  of  attack  to  supplement  the  vertical  tail. 
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Directional  Control  Effects  of  Chine  Dihedral 

Asymmetric  Chines  = right  side  only,  p=0°,  Flaps  at  3071 0°,  q=20  psf 


As  with  asymmetric  chine  incidence  angle,  the  effects  of  chine  dihedral  vary  with  angle  of 
attack  and  would  benefit  from  a defection  schedule. 


Potential  Benefits  from  Wing-Mounted  Upper  Surface  Fins 


Potential  aerodynamic  improvements  exist  by  properly  aligning  wing  mounted  upper  sur- 
face fins  relative  to  the  local  vortex  induced  spanwise  flow.  However,  proper  fin  rotation 
and  cant  are  essential  to  gain  the  benefits  of  increased  lift  and  cleaner  flow  over  the  aile- 
ron. 
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71/50  HSR  Model  Showing  Fin  Concept 


Fin  #6 
Cant  angle 


The  concept  of  fin  rotating  and  canting  were  tested  on  the  HSR  71/50  model  at  the  14-  by 
22-Foot  Subsonic  Tunnel. 
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L/D  Effects  of  Wing  Fin  Rotation  with  Cant  at  90° 

Fin  L.E.  Sweep=65,  Fin  Aspect  Ratio=0.5,  Flaps  at  26/10/13,  q=70  psf 


Configuration 


Pf  « <>"  * = 90" 
Pf=  10”.  * = 90’ 
Pf  = 20”.  * = 90 " 
Pf=M”.  * = 90" 
Pf  = 40”,  * = 90" 


There  exists  a precise  angle  of  fin  rotation  for  each  angle  of  attack  due  to  the  changing 
location  of  the  vortex  trajectory. 
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L/D  Effects  of  Wing  Fin  Canting  with  Rotation  at  30° 

Fin  L.E.  Sweep=65,  Fin  Aspect  Ratio=0.5,  Flaps  at  26/10/13,  q=70  psf 


Configuration 

PF  = 30*.  *r  = 90’ 
PF  = 30".  *r  = 75* 
PF  = 30’.  *F  = 60* 


Significant  improvements  in  L/D  can  be  achieved  by  properly  canting  the  rotated  fin. 
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RecmwieMstions 


The  placement  of  canards  on  the  forebody  must  take  into  account  not  only  the  local  airflow 
around  the  forebody,  but  the  resulting  impact  of  the  canard  wake  interaction  and  its  ability  to 
alter  the  local  wing  upwash  field  as  it  articulates  through  its  relative  deflections. 

The  use  of  asymmetric  chine  deflections  provide  a powerful  tool  for  increased  directional 
control.  However,  the  relative  placement  of  the  chine  is  very  sensitive  to  the  local 
forebody  flow;  thus,  great  care  must  be  given  to  its  location. 

Methods  such  as  the  optimally  placed  wing  mounted  fins  may  be  desirable  to  favorably 
utilize  the  local  spanwise  flow  to  increase  L/D,  and  by  the  nature  of  their  placement,  decrease 
the  spanwise  flow  over  the  aileron  surfaces,  thus  allowing  greater  roll  authority  and  the  possible 
use  of  split  ailerons  for  increased  yaw  control. 


The  placement  of  canards,  chines,  and  wing  fins  must  take  into  account  the  pattern  and  the 
dynamics  of  the  local  flow  structures,  not  necessarily  the  global  free  stream  characteris- 
tics. By  following  this  thought  process,  significant  aerodynamic  improvements  in  high  lift 
and  control  are  possible. 
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Status  of  NASA  #442  Test  Results 


6%  Ref.  H Up  flow  and  Interference  Test  in  the  LaRC  14’x22  ’ 


Robert  C.  Griffiths 
Boeing  Commercial  Aircraft  Group 

High  Speed  Research  Program 
Aerodynamic  Performance  Technology  Workshop 

February  26, 1997 


Status  of  NASA  #442  Test  Results 

Status  of  NASA  Test  # 442,  an  upflow  and  interference  (U&l)  test 
conducted  in  the  Langley  14’x22’  low  speed  wind  tunnel, 

November  5 - 27, 1996. 

WBS:  4.3.2.2  High  Lift  System  Concept  Design 
Other  information: 

Model  used  was  the  6%  Ref.  H. 

Total  of  318  runs. 

Limited  titanium  dioxide  flow  visualization. 
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Outline 

• 

Purpose  / objectives 

• 

Importance  of  upflow  & interference 
(U&l)  to  HSR 

• 

Test  background 

• 

U&l  short  course 

• 

Data  - preliminary  results  and  anomalies 

• 

Summary  & recommendations 
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HSCT  hBgh  Uft  Aerodynamics 


Purpose  of  Test 


• Determine  upfiow  and  support  interference  in 
the  14’x22’  using  the  6%  Ref.  H. 

• Comparison  to  computational  data  (panel 
codes). 

• Satisfy  contract  deliverable. 


Purpose  of  Test 


The  purpose  of  this  Test  #442  was  to  test  Ref.  H model  configurations 
in  such  a manner  that  14’x22’  upfiow  and  post  mount  support 
interference  could  be  determined. 


Comparisons  of  experimentally  derived  interference  data  will  be 
compared  to  computationally  calculated  support  interference. 

The  results  of  this  test  will  support  an  HSR  contract  deliverable. 
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Importance  of  Upflow 


0.1°  positive  upflow  *10  drag  ct  ~ 

+6000  lbs.  MTOW  at  Stage  3 - 3dB 
OR 

+9800  lbs.  MTOW  at  Stage  3 - 5dB 


Importance  of  Upflow 


If  the  wind  tunnel  proves  to  have  upflow,  the  re-corrected  data  will  result 
in  performance  degradation  apparent  in  drag  at  a constant  lift  value. 
This  increased  drag  will  result  in  an  increase  in  MTOW  required  to  meet 
the  stated  noise  objectives  for  the  TCA  model. 
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Correcting  for  Upflow 

Or,  What  Happens  to  the  Data 


If  upflow  is  positive: 

• Lift  decreases. 

• Drag  increases. 

• (L/D)corr  decreases. 
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Expected  Impact  of  Post  Support 
Interference 


Based  on  A502  panel  code,  effect  of  post  will  be 
to: 


• decrease  CL  by  ~ 0.008  (3%) 

• decrease  CD  by  * 0.0007  (5%) 

• increase  CM  by  * 0.0002  (3%) 

at  10  degrees  alpha. 
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HSCT  High  Uft  Aerodynamics 

How  to  Calculate  Upflow 


• Generally,  2 methods  are  used: 

• differencing  upright  and  inverted  lift 
curves,  and 

• “rotating”  upright  and  inverted  drag 
polars. 

• Upflow  determined  by  one  method  can 
be  checked  by  the  other. 
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Lift  Curve  Differencing  Method 


Lift  Curve  Differencing  Method 


The  lift  curve  differencing  method  involves  subtracting  the  (inverted  + 
image)  lift  curve  from  the  (upright  + image)  lift  curve  at  a constant  CL. 
A positive  resultant  means  positive  upflow.  The  true  lift  curve  lies 
midway  between  the  upright  and  inverted  runs. 


upflow  — 


a — a 

inverted  upright 


*~l<0N5rANT 


An  image  is  required  for  both  the  upright  and  inverted  runs  to  ensure 
equal  support  interference;  want  to  avoid  upflow  measurements  skewed 
by  support  induced  local  upflow. 
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Drag  Polar  Rotation 


When  there  is  upflow  (or  downflow)  in  the  tunnel,  the  model  balance  is 
at  a greater  (or  lesser)  angle  than  thought,  resulting  in  a component  of 
lift  adding  to  (or  subtracting  from)  the  component  of  drag. 


Drag  polar  rotation  occurs  when  the  rate  of  drag  increase  with  lift  is 
greater  for  one  of  the  (upright  or  inverted,  with  image)  model 

configurations. 


A a r,  = sin  ^ 
upflow 


f \r  ^ 
ZZQ 


v 


dC, 


acd  = CD 


-cn 
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Correcting  for  Upflow 

Or,  The  Effect  on  Lift  and  Drag  When  Upflow  Corrected 


If  upflow  is  present,  the  lift  resolved  (using  balance  normal  and  axial 
force  components)  at  the  indicated  angle  of  attack  is  higher  than  the 
true  lift,  and  the  indicated  drag  is  lower  than  true  drag. 


If  downflow  is  present,  the  lift  resolved  at  the  indicated  angle  of  attack  is 
lower  than  the  true  lift,  and  the  indicated  drag  is  higher  than  true  drag. 
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Test  Setup 


The  method  chosen  for  determining  tunnel  upflow  was  to  fly  the  model 
upright  and  inverted,  with  an  image  post.  The  image  post  is  required  to 
reduce  local  upflow  asymmetries  which  may  be  induced  by  the 

mounting  post  alone. 


The  interference  increment  is  determined  by  flying  the  model  in  the 
inverted  position,  with  and  without  the  image  post.  Flying  in  this 
manner  will  provide  the  effect  of  the  post  support  on  the  lower  surface 

of  the  model. 


The  baseline  upright  model  would  be  the  configuration  against  which  to 
apply  the  upflow  and  interference  increments. 


U&l  free  data  = Upright  data  + upflow  + interference 


2419 


The  Mode] 


The  model  flown  was  the  6%  Ref.  H.  Three  of  the  configurations 
necessary  for  upflow  and  interference  testing  are  shown  here;  the 
upright,  the  inverted,  and  the  inverted  with  image  post. 
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Image  Post 


The  image  post  was  designed  to  have  the  identical  exterior  shape  as 
the  main  structural  support  post. 


The  image  post  contacted  the  model,  but  did  not  penetrate  the 

fuselage. 


The  upper  portion  of  the  image  post  was  hard-mounted  to  the  14’x22’ 
ceiling,  while  the  lower  portion  of  the  image  telescoped  as  the  model 

pitched. 


As  the  image  was  metric,  a balance  was  placed  at  the  image/model 
interface  to  directly  measure  the  normal  force  load.  There  was 
assumed  to  be  no  axial  load  imparted  by  the  image  post. 
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Representative  Test  Data  = Upflow 


Representative  Test  Data  = Upflow 

The  data  indicates  that  upflow  is  present  in  the  tunnel  by  analyzing  the 
lift  curves  of  the  upright  + image  and  the  inverted  + image  runs.  At  a 
given  indicated  alpha,  the  upright  run  has  a higher  indicated  lift  than  the 
inverted  run;  therefore,  the  upright  model  can  fly  at  a lower  indicated 
alpha  than  the  inverted  model  while  matching  lift.  Positive  upflow 
provides  the  additional,  unseen  lift  in  the  form  of  an  alpha  increase. 
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Representative  Test  Data  = Downflow 


At  a given  C , the  representative  upright  and  inverted  (with  image)  data 
shows  tunnel  downflow.  The  data  shown  has  all  standard  corrections 
except  upflow  and  interference.  For  a given  C , the  upright  run  shows  a 
higher  C than  the  inverted  run,  indicative  of  tunnel  downflow.  In 
addition,  the  drag  increases  with  lift  more  for  the  upright  run  than  the 
inverted  run;  also  indicating  downflow. 
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Assumption  made  before  analyzing  interference  effects: 


Although  there  appears  to  be  a bias  in  the  final  data  between  the 
upright  and  inverted  runs,  the  upright  and  inverted  runs  by  themselves 
repeated  well  (no  bias  apparent  within  either  the  upright  or  inverted 

runs). 
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Interference  Increment  - Lift 

(Inverted  + Image)  - Inverted  increment. 

Shows  that  the  image  post  effect  is  to  reduce  lift  below  1 5 and  above 

17. 
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Interference  Increment  - Drag 


(Inverted  + Image)  - Inverted  increment. 

Shows  that  the  image  post  effect  is  to  reduce  drag  below  2,  with  a slight 

local  increase  in  drag  16. 
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Interference  Increment  - Pitching  Moment 


Interference  Increment  - Pitching  Moment 

(Inverted  + Image)  - Inverted  increment. 

Shows  that  the  image  post  effect  is  a decreasing  trend  of  pitching 
moment  increase  with  alpha. 
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Preliminary  Experimental  / A502  Comparison 


Force  Coefficient: 

Test  #442 

A502 

CL 

add  0.012  ... 

add 0.008  ... 

CD 

add  0.0020  ... 

add  0.0007... 

CM 

add  -0.005  ... 

add  -0.0006... 

...to  / from  data. 

HSCT  Htyh  Lift  Aerodynamics 

Summary 

• 

Upflow?  Downflow? 

• 

Assume  interference  increments  OK. 

• 

Interference  increments: 

• agree  with  A502  panel  code  in  direction. 

• lift  increments  compare  favorably. 

• drag  and  pitching  moment  less  favorable. 

• 

Investigate  alternative  methods  to  determine 
upflow. 

• 

A NASA-owned  symmetric  model(s)  would  be 
desirable. 

• 

Additional  work  required  to  understand  data. 
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Application  of  a 3-D  Panel  Method  to 
the  Prediction  of  Wind  Tunnel  Wall 
and  Support  Interference 

by 
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Roger  W.  Clark 

McDonnell  Douglas  Corporation 
Long  Beach  CA 


HSR  Aerodynamic  Performance  Workshop 
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Outline 


• Objective 

• 3-D  Panel  Method  - DACVINE 

• Tunnel  Wall  Modeling: 

- Effect  of  walls  (DACVINE  Vs  14’x22’  data) 

- Effect  of  model  location  (DACVINE) 

• Support  Strut  Effects: 

- DACVINE  (With/without  strut) 

- 1 4’x22’  data  (inverted  with/without  image 
post) 


This  paper  addresses  the  computation  of  wind  tunnel  wall  and  support  effects 
using  a panel  method.  The  panel  method  used  is  the  McDonnell  Douglas  3-D 
Panel  method,  and  the  results  obtained  include  a preliminary  comparison  with 
data  from  the  14’x22’  LaRC  Wind  Tunnel  test  of  the  6%  Ref  H High-Lift 
model. 

Since  the  corrected  data  from  this  test  has  only  recently  been  released,  the 
comparison  of  the  computational  results  is  still  in  progress. 

The  paper  presents  an  outline  of  the  panel  method  used,  and  is  followed  by  a 
comparison  of  the  computed  effects  of  the  wind  tunnel  walls,  compared  with 
the  Heyson’s  and  blockage  corrections  applied  to  the  tunnel  data.  This  is 
followed  by  an  evaluation  of  the  computed  effects  of  the  model  support  post 
on  the  computed  lift,  drag,  and  pitching  moment. 
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Objective 


• Evaluate  prediction  of  wind  tunnel  wall  and 
support  effects  using  a 3-D  panel  method 

• Define  method  to  be  used  for  wind  tunnel 
support  interferencecorrection  for  future  high- 
lift  tests 


The  objective  of  this  study  is  to  evaluate  the  prediction  of  wind  tunnel  wall  and 
support  effects  using  a 3-D  panel  method. 

The  results  presented  here  are  based  on  the  6%  Ref  H model  installed  in  the 
NASA  LaRC  14’x22’  wind  tunnel.  However,  the  modeling  developed  will  be 
used  for  the  correction  of  data  to  be  obtained  for  the  TCA  configuration  in  both 
the  LaRC  14’x22’  tunnel  as  well  as  in  the  ARC  12’  Pressure  Tunnel. 

Since  the  data  from  the  6%  Ref  H test  has  only  recently  been  released,  this 
effort  is  still  in  progress.  The  results  presented  here  are  therefore  regarded  as 
preliminary. 


2433 


MCOOWJVCU.  OOC/OL45: 


HSCT 


HIGH-SPEED  CIVIL  TRANSPORT 


DACVINE  3-D  Panel  Method  Features 


• Higher-Order  Surface  Fitting: 

- Parametric  cubic  patches 

• Higher-Order  Singularity  Distribution: 

- Source  distribution  - linearly  varying 

- Vorticity  distribution  - parabolic  chordwise, 
linear  spanwise 


The  panel  method  used  is  a higher-order  panel  method  which  uses  surface 
source  singularities  to  satisfy  the  normal  velocity  boundary  condition, 
combined  with  a dipole  distribution  on  the  lifting  surface  to  satisfy  the  Kutta 
condition.-  

The  method  includes  a strip  theory  boundary  layer  model,  and  several 
compressibility  correction  options.  However,  the  results  presented  here  are  all 
inviscid,  incompressible  solutions. 
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DACVINE  3-D  Panel  Method  Features 
(continued) 

• Boundary  Conditions: 

- Zero  Normal  Velocity  (linear) 

- Kutta  Condition  - Equal  pressures 
(nonlinear) 

• Iterative  Matrix  Solver: 

- Block  Gauss-Siedel 

- Up  to  20,000  panels 


The  normal  velocity  boundary  condition  is  applied  at  the  control  point  of  each 
panel,  while  an  equal  pressure  Kutta  condition  is  applied  at  the  trailing  edge  of 
each  lifting  strip. 

An  iterative  matrix  solver  is  used  which  enables  the  method  to  use  large  panel 
numbers  for  modeling  of  complex  geometries. 
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This  figure  shows  the  6%  Ref  H model  located  in  the  14’x22’  wind  tunnel. 
The  configuration  is  the  30°  /10°  high-lift  configuration. 
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This  figure  shows  the  6%  Ref  H model  located  in  the  14’x22’  wind  tunnel. 
The  configuration  is  the  30°  /10°  high-lift  configuration. 
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Effect  of  Tunnel  Walls 

• DACVINE  model  - with/without  walls 

• 14’x22’  data  - corrected  lift/drag/alpha 
compared  to  uncorrected 

-No  Heyson's  correction,  no  blockage 
correction 

• Effect  on  lift  well  predicted  by  DACVINE 

• Effect  on  drag  reasonably  well  predicted 
by  DACVINE 


The  following  figures  present  a comparison  of  the  effects  of  the  wind  tunnel 
walls  as  computed  using  the  inviscid  panel  code,  DACVINE  with  the  classical 
corrections  applied  to  the  wind  tunnel  data. 
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Computed  Effect  of  Wind  Tunnel  Walls:  30°/10°  Configuration 


-2  0 2 4 6 8 10  12 

Angle  of  Attack,  a (°) 


This  figure  shows  the  computed  and  experimental  lift  for  the  30710°  configuration  with 
and  without  the  tunnel  wall  effects.  The  free  air  computations  from  DACVINE  are 
simply  obtained  by  modeling  the  isolated  model  geometry.  The  test  data  was  corrected  to 
free  air  using  Heyson's  classical  corrections  to  Cl  and  a for  the  effect  of  the  wall,  and 
model  and  wake  blockages. 

Since  the  DACVINE  results  are  for  inviscid,  attached  flow  with  no  viscous  effects,  the 
computed  Rvalues  are  higher  than  the  corresponding  experimental  values.  In  order  to 
match  the  lift  curves  more  accurately,  some  modeling  of  the  viscous  effects  particularly 
on  the  deflected  flaps,  would  have  to  be  included.  Since  we  are  interested  primarily  in 
the  increments  due  to  the  tunnel  wall  and  model  support  strut,  no  attempt  to  include  such 
viscous  effects  is  included  here. 
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Computed  Effect  of  Wind  Tunnel  Walls:  0°/0°  Configuration 


-2  0 2 4 6 8 10  12 

Angle  of  Attack,  a (°) 


This  figure  shows  the  computed  and  experimental  lift  for  the  baseline  070°  configuration 
with  and  without  the  tunnel  wall  effects.  The  free  air  computations  from  D AC  VINE  are 
simply  obtained  by  modeling  the  isolated  model  geometry.  This  experimental  wall  effect 
is  obtained  by  comparing  the  uncorrected  Cl  (plotted  Vs.  uncorrected  angle  of  attack) 
with  the  Heyson’s  corrected  Cl  plotted  Vs.  the  angle  of  attack  corrected  for  model  and 
wake  blockage. 
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Angle  of  Attack,  a (°) 


This  figure  shows  a comparison  of  the  DACVINE-computed  and  experimental  (classical) 
Cl  correction  increments  for  the  30°/ 10°  and  0°/0°  configurations.  It  can  be  seen  that 
there  is  a close  correlation  between  the  predicted  potential  flow  lift  increments  and  the 
classical  corrections  for  wind  tunnel  wall  effects. 
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Effect  of  Wind  Tunnel  Walls:  30°/10°  Configuration 


Angle  of  Attack,  a (°) 


This  figure  shows  the  computed  and  experimental  drag  for  the  30°/10°  configuration  with 
and  without  the  tunnel  wall  effects.  The  free  air  computations  from  DAC VINE  are 
simply  obtained  by  modeling  the  isolated  model  geometry.  This  experimental  wall  effect 
is  obtained  by  comparing  the  uncorrected  forces  (plotted  Vs.  uncorrected  angle  of  attack) 
with  the  Heyson’s  corrected  forces  plotted  Vs.  the  angle  of  attack  corrected  for  model  and 
wake  blockage. 

As  noted  in  a previous  slide,  we  have  not  included  any  viscous  effects  in  the  computed 
results.  The  computed  drag  therefore  represents  only  the  induced  drag  term  with  no 
accounting  for  the  skin  friction  and  profile  drag  terms.  The  Cd  increment  in  either  case  is 
negligible. 


2442 


= MCDOW/VFU.  DOUGLAS 


HSCT 


HGHSPEEDCIVIL  TRANSPORT 


-2  0 2 4 6 8 10  12 

Angle  of  Attack,  a (°) 


This  figure  shows  the  computed  and  experimental  drag  for  the  070°  configuration  with 
and  without  the  tunnel  wall  effects.  The  free  air  computations  from  D AC  VINE  are 
simply  obtained  by  modeling  the  isolated  model  geometry.  This  experimental  wall  effect 
is  obtained  by  comparing  the  uncorrected  forces  (plotted  Vs.  uncorrected  angle  of  attack) 
with  the  Heyson’s  corrected  forces  plotted  Vs.  the  angle  of  attack  corrected  for  model  and 
wake  blockage. 

As  noted  in  a previous  slide,  we  have  not  included  any  viscous  effects  in  the  computed 
results.  The  computed  drag  therefore  represents  only  the  induced  drag  term  with  no 
accounting  for  the  skin  friction  and  profile  drag  terms. 
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Computed  Effect  of  Wind  Tunnel  Walls 


-2  0 2 4 6 8 10  12 


Angle  of  Attack,  a (°) 


The  figure  presents  a comparison  of  the  drag  increments  from  the  DACVTNE  and  the 
classical  corrections  due  to  the  wind  tunel  walls.  At  the  lower  angles  of  attack,  the  drag 
increments  agree  closely. 

At  the  higher  angles  the  classical  correction  is  larger  than  the  DACVINE-computed 
induced  drag  increment.  This  is  believed  to  be  due  to  the  inclusion  of  the  wake  blockage 
correction  which  is  included  in  the  classical  tunnel  corrections,  but  absent  in  the 
DACVINE  modeling. 
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Effect  of  Model  Location  in  Wind  Tunnel 


Computed  Delta  Cl  Due  to  Tunnel  Walls 
30710°  Flaps,  Alpha=10° 


I 

f 


The  computed  DACVINE  results  presented  here  have  the  model  geometry 
installed  along  the  tunnel  centerline.  In  the  6%  Ref  H tests,  the  model  is 
actually  installed  at  9”  below  the  tunnel  centerline.  The  inverted  model  runs 
therefore  correspond  to  a model  location  at  9”  above  the  centerline. 

In  order  to  evaluate  the  effects  of  this  off-center  location,  a limited  number  of 
DACVINE  runs  were  completed  with  the  model  located  above  and  below  the 
centerline.  The  runs  were  made  for  the  307 10°  configuration  at  10°  angle  of 
attack. 

The  results  presented  here  indicate  that  there  is  only  a small  variation  in  the  lift 
associated  with  moving  the  model  off  the  centerline.  As  the  model  is  moved 
above  the  centerline  there  is  a larger  increase  noted,  presumably  due  to  the 
interaction  between  the  upper  surface  flow  and  the  tunnel  ceiling. 
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Computed  Vs  Measured  Model 
Support  Effects  (preliminary) 


• DACVINE  in  Tunnel,  with  and  without 
support  strut 

-Inviscid  model  - (no  wake  behind  post) 
-No  pitch  link 

• 14’x22’  Inverted  with  and  without  Image 
post 

• 30710°  Flaps  and  070°  configurations 


The  following  pages  present  a comparison  of  the  computed  and  experimental 
effects  of  the  support  strut  on  the  lift,  drag,  and  pitching  moment.  The 
DACVINE  model  was  run  in  the  presence  of  the  tunnel  walls,  and  the  code  has 
been  run  with  the  main  strut  as  well  as  with  the  image  post.  The  pitch  link  was 
not  modeled  since  it  is  assumed  to  be  embedded  within  the  viscous  wake 
behind  the  main  strut.  The  results  presented  here  do  not  include  any  modeling 
of  the  effects  of  this  viscous  wake.  An  evaluation  of  the  effects  of  the  strut 
wake  is  still  in  progress. 

The  computations  have  been  performed  for  both  the  070°  and  the  30710°  flap 
configurations. 

It  will  be  seen  from  the  results  presented  here  that  the  increments  due  to  the 
support  strut  are  all  underpredicted  here.  The  reasons  for  this  disagreement  are 
still  being  evaluated,  and  will  be  discussed  in  more  detail  later. 
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The  following  figures  compare  the  effects  on  lift,  drag,  and  pitching  moment  of  the 
support  strut  computed  in  DACVINE  with  that  measured  in  the  14’x22’  tunnel  for  the 
baseline  (0°/0°  flaps)  and  high-lift  (30710°  flap)  wing/body/nacelle  configurations. 
Comparisons  of  the  absolute  values  of  the  forces  will  be  presented  first,  followed  by  a 
comparison  of  the  DACVINE-computed  and  classical  correction  increments. 

The  DACVINE  results  are  computed  with  the  model  installed  in  the  tunnel  with  and 
without  the  support  strut.  The  experimental  runs  compared  here  are  for  the  model 
inverted,  with  and  without  the  image  post.  Since  the  computed  results  include  the  effects, 
of  the  wind  tunnel  walls,  the  experimental  data  used  for  comparison  is  uncorrected  for 
tunnel  wall  and  blockage  effects  where  that  data  was  available.  Although  the  image  post 
was  not  included  in  these  DACVINE  results,  the  differences  due  to  the  effect  of  the  main 
post  are  not  expected  to  be  significantly  different. 

This  figure  shows  the  lift  for  the  baseline  configuration.  The  basic  lift  levels  are 
reasonably  well  predicted. 
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This  figure  shows  the  lift  for  the  high-lift  (30710°  flap)  configuration.  The  lift  levels  for 
this  configuration  are  overpredicted  by  DACVINE  as  might  be  expected  from  an  inviscid 
calculation  in  which  no  flow  separation  occurs.  The  boundary  layer  thickening  over  the 
upper  surface  of  the  flaps  would  be  expected  to  cause  a reduction  in  flap  effectiveness 
when  compared  to  the  inviscid  calculation.  However,  since  we  are  interested  mainly  in 
the  increments  due  to  the  support  strut,  no  attempt  has  been  made  here  to  account  for  this 
effect.  The  support  strut  effect  is  similar  to  that  of  the  baseline  (070°  flaps) 
configuration. 
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This  figure  shows  the  computed  and  experimental  drag,  plotted  against  angle  of  attack  for 
the  baseline  baseline  (0°/0°  flaps)  configuration.  As  noted  earlier,  the  computed  results 
are  inviscid,  and  so  the  drag  computed  is  only  the  induced  drag  with  no  skin  friction  or 
profile  drag  effects.  Also,  since  the  DACVINE  results  are  computed  for  attached  potential 
flow,  the  increase  in  drag  at  the  higher  angles  of  attack  due  to  the  vortex  separation  is  also 
not  predicted. 
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This  figure  shows  the  computed  and  experimental  drag,  plotted  against  angle  of  attack  for 
the  high-lift  baseline  (30710°  flaps)  configuration.  For  this  case,  the  DACVINE- 
predicted  drag  increment  for  the  support  strut  is  negligbly  small. 
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This  figure  shows  the  DACVTNE-computed  and  experimental  pitching  moment  for  the 
baseline  baseline  (0°/0°  flaps)  configuration.  It  can  clearly  seen  that  the  moment 
increments  due  to  the  strut  are  significantly  underpredicted  by  DACVINE. 
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This  figure  shows  the  computed  and  experimental  pitching  moment  for  the  high-lift 
configuration.  It  can  clearly  be  seen  that  the  moment  coefficient  increments  due  to  the 
strut  are  significantly  underpredicted  by  DACVINE. 
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The  following  six  figures  show  comparisons  of  DACVINE-predicted  and  measured 
support  post  increments  in  the  lift,  drag,  and  pitching  moment.  While  the  absolute  force 
coefficient  plots  presented  previously  are  focused  on  the  effects  of  the  main  support  strut, 
the  force  coefficient  increments  presented  in  these  plots  also  show  the  effects  of  the 
image  post,  by  comparing  the  upright  model  installation  with  and  without  the  image  post. 
It  can  be  seen  that  the  effects  of  this  image  post  are  very  close  to  those  of  the  support 
strut,  both  computationally  and  experimentally,  although  the  sign  of  the  increment  is 
reversed. 

This  figure  compares  the  DACVINE-computed  and  measured  lift  coefficient  increments 
for  the  baseline  baseline  (070°  flaps)  configuration. 
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This  figure  compares  the  DACVINE-computed  and  measured  strut  and  post  lift 
increments  for  the  high-lift  (30°/10°  flaps)  configuration. 
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This  figure  compares  the  DACVINE-computed  and  measured  strut  and  post  drag 
increments  for  the  baseline  (0°/0°  flaps)  configuration. 
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This  figure  compares  the  DACVINE-computed  and  measured  strut  and  post  drag 
increments  for  the  high-lift  (30°/ 10°  flaps)  configuration. 
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This  figure  compares  the  DACVINE-computed  and  measured  strut  and  post  pitching 
moment  increments  for  the  high-lift  (30°/10°  flaps)  configuration. 
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This  figure  compares  the  DACVINE-computed  and  measured  strut  and  post  pitching 
moment  increments  for  the  baseline  (070°  flaps)  configuration. 
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• Only  small  correction  would  be  required 
for  off-centerline  location 

• Strut  effects  under  predicted  for  lift,  drag 
and  pitching  moment  - currently  under 
investigation 


The  computed  tunnel  wall  effects  computed  by  DACVINE  agree  closely  with 
the  classical  wall  corrections  for  lift  and  drag. 

The  DACVINE  model  shows  that  there  is  only  a small  sensitivity  to  the  off- 
center  model  location  which  has  been  used  in  the  14’x22’  tunnel  for  all  of  the 
post-mounted  Ref  H tests. 

The  effects  of  the  support  strut  on  lift,  drag,  and  pitching  moment  are  all 
underpredicted  by  DACVINE.  The  reasons  for  this  disagreement  are  still 
under  investigation,  but  it  is  believed  to  be  due  to  the  absence  of  any  modeling 
of  the  viscous  wake  behind  the  support  or  image  posts. 

Work  is  currently  in  progress  to  modify  the  panel  method  geometry  to  include 
an  empiical  modeling  of  the  viscous  wake. 
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